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ABSTRACT
Bean pod m o t t l e  v i r u s  (BPMV) and cowpea m o sa ic  v i r u s  (CPMV) 
w e re  fo u n d  i n  s o y b e a n s  (G ly c in e  max M e r r . )  and  i n  cowpeas (V igna 
s i n e n s i s  T o r n e r ) , r e s p e c t i v e l y  i n  L o u i s i a n a .  B oth  v i r u s e s  w e re  
i d e n t i f i e d  b y  i n s e c t  t r a n s m i s s i o n ,  p h y s i c a l  p r o p e r t i e s ,  s e r o l o g y ,  h o s t  
r a n g e  and  symptom e x p r e s s i o n .
BPMV p ro d u c e d  a  m o t t l i n g  on  t h e  l e a v e s  o f  s o y b e a n ,  w h i l e  CPMV 
c a u s e d  a s e v e r e  m o s a ic  and  s t u n t i n g  o f  so y b e a n  p l a n t s .  B oth  v i r u s e s  
had  a w id e  leg u m in o u s  h o s t  r a n g e ,  and BPMV was found  to  o v e r w i n t e r  i n  
Desmodium p a n i c u l a t u m  L. The optim um  t e m p e r a t u r e s  f o r  symptom 
e x p r e s s i o n  w ere  b e tw e e n  2 0 -3 0  C. Symptoms w ere  s u p r e s s e d  a t  35 C and 
none  a p p e a r e d  a t  40 C.
The p h y s i c a l  p r o p e r t i e s  o f  BPMV and  CPMV w ere  v e r y  s i m i l a r ,  
b o t h  w i t h  a  d i l u t i o n  e n d - p o i n t  o f  1 0 “ ^ ,  a  th e r m a l  i n a c t i v a t i o n  p o i n t  
o f  6 0 -7 0  C and  t h e  l o n g e v i t y  i n  v i t r o  b e tw ee n  f o u r  and  s i x  d a y s .  The 
N o r th  C a r o l i n a  i s o l a t e  o f  BPMV was r e l a t e d  t o  t h e  L o u i s i a n a  i s o l a t e  by 
t h e  O u c h te r lo n y  g e l - d i f f u s i o n  t e s t .  CPMV a n t i g e n  formed p r e c i p i t n  
zones  w i t h  t h e  C a l i f o r n i a  a n t i s e r u m ,  i n d i c a t i n g  t h a t  t h e  v i r u s e s  w ere  
r e l a t e d .  The e l e c t r o n m i c r o s c o p y  o f  BPMV and CPMV showed b o t h  t o  b e  
i s o m e t r i c  p a r t i c l e s  o f  a p p r o x im a te ly  30 Mu i n  d i a m e t e r .
F i e l d  t e s t s  r e v e a l e d  no s i g n i f i c a n t  d i f f e r e n c e s  i n  y i e l d s  
b e tw e e n  t h e  i n o c u l a t e d  BPMV p l a n t s  and  t h e  c o n t r o l s .  H owever, i n  
g r e e n h o u s e  t e s t s  t h e r e  w ere  s i g n i f i c a n c e s  i n  t h e  y i e l d s  o f  BPMV 
i n f e c t e d  H i l l ,  D are  and Lee s o y b e a n s  and t h e  c o n t r o l s .  No d i f f e r e n c e s  
w e re  fo u n d  b e tw e e n  t r e a t e d  and  h e a l t h y  D a v i s ,  Semmes and  B ragg .  T h e re
v i i
w e re  s i g n i f i c a n c e s  b e tw e e n  CPMV i n f e c t e d  p l a n t s  a n d  c o n t r o l s  b o th  i n  
th e  f i e l d  and  th e  g r e e n h o u s e .  H i l l  was t h e  o n ly  v a r i e t y  i n  t h e  f i e l d  
i n  w h ich  t h e  y i e l d s  o f  CPMV i n o c u l a t e d  p l a n t s  w ere  n o t  s i g n i f i c a n t l y  
lo w er  t h a n  t h e  c o n t r o l s .  I n  t h e  g re e n h o u s e  t h e  y i e l d s  o f  H i l l  w e re  
s e v e r e l y  r e d u c e d  by t h e  v i r u s .
C era tom a  t r i f u r c a t a  F o r s t .  (bean  l e a f  b e e t l e )  was found  to  b e  a 
v e c t o r  f o r  b o t h  BPMV and  CPMV. Myzus p e r s i c a e  S u lz .  ( g r e e n  p e a c h  
a p h id )  f a i l e d  t o  t r a n s m i t  e i t h e r  v i r u s .  N e i t h e r  v i r u s  was s e e d  
t r a n s m i t t e d .
v i i i
INTRODUCTION
Soybeans G ly c in e  max M e r r .  h a v e  s t e a d i l y  i n c r e a s e d  i n  im p o r ta n c e  
a s  a c o m m e rc ia l  c r o p  i n  t h e  U n i te d  S t a t e s  ( 5 7 ) .  B ecau se  o f  t h e i r  h i g h  
p r o t e i n  c o n t e n t ,  s o y b e a n s  a r e  u s e d  e x t e n s i v e l y  i n  a n im a l  f e e d s .
Soybean  o i l  i s  u s e d  i n  t h e  m a n u f a c tu r e  o f  p l a s t i c s .  P r e s e n t l y ,  t h e i r  
v a l u e  as  fo o d  s u b s t i t u t e s  i s  becom ing  i n c r e a s i n g l y  i m p o r t a n t .
I n  1924 , 1782 a c r e s  o f  so y b e a n s  w er p l a n t e d  i n  t h e  U n i te d  
S t a t e s .  By 1 9 7 0 ,  t h i s  f i g u r e  had  r i s e n  t o  4 1 .5  m i l l i o n  a c r e s  w i t h  a 
t o t a l  p r o d u c t i o n  o f  1 ,1 3 4  m i l l i o n  b u s h e l s .  Soybean  p r o d u c t i o n  in  
L o u i s i a n a  h a s  i n c r e a s e d  a t  t h e  same p a c e  u n t i l  i t  r a n k s  as  t h e  number 
one  c r o p  i n  a c r e a g e .  Over 1 .5  m i l l i o n  a c r e s  w e re  p l a n t e d  i n  so y b e a n s  
i n  L o u i s i a n a  i n  1970 w h ich  y i e l d e d  3 8 .5  m i l l i o n  b u s h e l s .  The a v e r a g e  
y i e l d  i s  a b o u t  25 b u s h e l s  p e r  a c r e  f o r  t h e  s t a t e .
Any s o y b e a n  d i s e a s e  r e d u c e  y i e l d s . The d e g r e e  o f  l o s s  depends
on  th e  d i s e a s e ,  t h e  s e v e r i t y  o f  th e  d i s e a s e ,  and t h e  p e r c e n t a g e  o f
p l a n t s  a f f e c t e d .  A nnual l o s s e s  i n  th e  U n i te d  S t a t e s  f rom  a l l  s o y b e a n
d i s e a s e s  h a v e  b e e n  e s t i m a t e d  a t  12 p e r c e n t  o f  t h e  t o t a l  c ro p  (1 4 ,  2 0 ) .
A lth o u g h  s o y b e a n  v i r u s  d i s e a s e s  i n  L o u i s i a n a  a r e  n o t  y e t  o f  m a jo r
i m p o r t a n c e ,  t h e  p o t e n t i a l  f o r  d e v e lo p m e n t  o f  t h e  d i s e a s e  e x i s t s .
H owever, a  f i v e  a c r e  p l a n t i n g  a t  B a y h i l l ,  L o u i s i a n a  was o b s e r v e d  t o
b a  a  t o t a l  l o s s  b e c a u s e  o f  i n f e c t i o n  w i t h  BPMV and to b a c c o  r i n g s p o t
v i r u s  (TRSV). O th e r  i s o l a t e d  p l a n t i n g s  i n  West B aton  Rouge and
I b e r v i l l e  P a r i s h e s  w ere  o b s e r v e d  t o  b e  n e a r l y  100 p e r c e n t  i n f e c t e d
w i t h  BPMV o r  s o y b e a n  m o s a ic  v i r u s  (SMV). F i e l d s  o f  l e s s e r  p e r c e n t
i n f e c t i o n  w e re  o b s e r v e d  i n  s c a t t e r e d  l o c a t i o n s  o f  L o u i s i a n a  (4 ,  2 9 ) ,
*
The two s o y b ean  v i r u s e s  i n v e s t i g a t e d  i n  t h i s  s tu d y  w e re  BPMV 
and cowpea m o sa ic  v i r u s  (CPMV). Both v i r u s e s  b e lo n g  to  a g ro u p  o f  
s p h e r i c a l  v i r u s e s  o f  w h ich  CPMV i s  t h e  ty p e  member (17, 3 3 ) .  They 
p o s s e s s  a  r a t h e r  w id e  legum inous  h o s t  r a n g e  and some n o n - leg u m in o u s  
s p e c i e s .  BPMV p ro d u c e s  a s t r i k i n g  s y s t e m ic  m o t t l e  on so y b ean  
t r i f o l i a t e  l e a v e s ,  and  some v e i n - c l e a r i n g  and c h l o r o s i s .  CPMV i n f e c t e d  
so y b ean  p l a n t s  a r e  s e v e r e l y  s t u n t e d ,  w i t h  a c o a r s e  m o sa ic  p a t t e r n .
V ein  b a n d in g  and  v e i n - c l e a r i n g  a r e  a l s o  e v i d e n t .  Both v i r u s e s  a r e  
t r a n s m i t t e d  by t h e  b e a n  l e a f  b e e t l e  (C eratom a t r i f u r c a t a  F o r s t . )  w h ich  
i s  t h e  m os t common v e c t o r  o f  th e  v i r u s e s  ( 2 9 ) .  Both a r e  e a s i l y  
t r a n s m i t t e d  m e c h a n i c a l l y .
The l a r g e  number o f  v i r u s e s  c a p a b le  o f  i n f e c t i n g  so y b ean s  (32, 39, 
69) coupled w i th  i n c r e a s e d  s o y b ean  p r o d u c t i o n  i n  L o u i s i a n a  en h an c es  th e  
p r o b a b i l i t y  o f  m u l t i p l e  v i r u s  i n f e c t i o n s .  W a l te r s  (61) r e p o r t e d  SMV, 
BPMV, y e l lo w  s t i p p l e  v i r u s  (YSV), and a n  u n i d e n t i f i e d  v i r u s  o c c u r r i n g  
n a t u r a l l y  i n  t h e  A rkansas  r i v e r  v a l l e y .  Ross (44) found SMV and  BPMV 
c o i n f e c t i n g  so y b ean s  i n  N o r th  C a r o l i n a  and  V i r g i n i a .
This  d i s s e r t a t i o n  was d e s ig n e d  t o  i d e n t i f y  t h e  two i s o l a t e s  o f  
BPMV and CPMV and to  v e r i f y  b y  sym p to m ato lo g y ,  h o s t  r a n g e ,  p h y s i c a l  
p r o p e r t i e s ,  i n s e c t  t r a n s m i s s i o n  and s e r o l o g y  t h a t  th e y  w ere  in d e e d  
t h o s e  i s o l a t e s  d e s c r i b e d  i n  t h e  l i t e r a t u r e ,  o r  c l o s e l y  r e l a t e d  to  them . 
A seco n d  o b j e c t i v e  was to  d e t e r m in e  t h e  r e a c t i o n  o f  s i x  L o u i s i a n a  
so y b ean  v a r i e t i e s  t o  BPMV and CPMV and t h e i r  i n t e r a t i o n  w i t h  t h e  
v i r u s e s .  F i e l d  and g re e n h o u s e  y i e l d  t e s t s  w ere  c o n d u c te d  to  d e te rm in e  
i f  y i e l d  l o s s e s  d id  o c c u r  due  to  t h e  v i r u s e s ,  and i f  s o ,  t h e  d e g r e e  o f  
l o s s  and s i g n i f i c a n c e  o f  i n f e c t i o n .
LITERATURE REVIEW
Bean pod m o t t l e  v i r u s  (BPMV) was d e s c r i b e d  by  Zaumeyer and 
Thomas (6 8 ) i n  1948 , a s  a  new v i r u s  on t h e  b a s i s  o f  h o s t  r a n g e  and  
p h y s i c a l  p r o p e r t i e s .  The v i r u s  d e r i v e s  i t s  name from  t h e  s e v e r e  
m o t t l e  o n  t h e  pods o f  P h a s e o lu s  v u l g a r i s  L . v a r .  T e n d e r g r e e n .  Zaumeyer 
and Thomas ( 6 8 ) com pared  BPMV to  s o u t h e r n  b e a n  m o sa ic  v i r u s  (SBMV), 
w h ich  i t  m o s t  c l o s e l y  r e s e m b l e s .  I t  was n o t  u n t i l  1958 , h o w ev e r ,  t h a t  
W a l te r s  (61) r e p o r t e d  t h e  v i r u s  p r e s e n t  i n  s o y b e a n  f i e l d s  i n  A r k a n s a s .
The f i r s t  r e p o r t  o f  CPMV was made b y  E l l i o t  (21 )  i n  1921 , i n  
A r k a n s a s .  By 1929 , t h e  d i s e a s e  was r e p o r t e d  from  O klahom a\ L o u i s i a n a ,  
I n d i a n a ,  G e o r g ia ,  Io w a , M i s s i s s i p p i ,  K a n s a s ,  and  New J e r s e y  ( 3 4 ) .  
McLean (34) i n  1941 , d e s c r i b e d  a  m o sa ic  d i s e a s e  o f  cow peas (V igna 
s i n e n s i s  T o r n e r )  v a r .  New E ra  and  W h ip o o rw i l l  t h a t  c a u s e d  s e v e r e  
d w a r f in g  o f  t h e  p l a n t s  i n  Oklahom a. He l a t e r  i d e n t i f i e d  th e  v i r u s  a s  
CPMV on t h e  b a s i s  o f  v a r i e t a l  s u s c e p t i b i l i t y ,  h o s t  r a n g e ,  p h y s i c a l  
p r o p e r t i e s  and m ethods  o f  t r a n s m i s s i o n .  S i m i l a r  v i r u s  d i s e a s e s  o f  
cowpea h a v e  b een  r e p o r t e d  i n  C h in a  (6 7 ) ,  N i g e r i a  ( 1 2 ) ,  and  T r i n i d a d  
(1 2 ,  1 3 ,  1 9 ) .  B ecause  o f  s l i g h t  d i f f e r e n c e s  i n  t h e i r  d e s c r i p t i o n s  
i t  was s u g g e s t e d  t h a t  t h r e e  s t r a i n s  o f  CPMV e x i s t e d  ( 5 0 ) .  S h epherd  
and  F u l t o n  (50) d e s c r i b e d  t h r e e  m o sa ic  d i s e a s e s  o f  cowpea o r  i t s  c l o s e  
r e l a t i v e s .  One ty p e .w a s  a p h i d - t r a n s m i t t e d ,  h a d  a  low d i l u t i o n  end  
p o i n t ,  a  b r i e f  l o n g e v i t y  i n  v i t r o  and  i t s  h o s t  r a n g e  was l i m i t e d  to  
t h e  L eg u m in o sae .  A se c o n d  t y p e  was s i m i l a r ,  e x c e p t  t h a t  i t  had  a  w id e  
n o n - le g u m in o u s  h o s t  r a n g e .  The t h i r d  t y p e  c h a r a c t e r i s t i c a l l y  h ad  a
h i g h e r  d i l u t i o n  end  p o i n t ,  a  l o n g e r  p e r i o d  o f  a g in g  i n  v i t r o ,  was 
t r a n s m i t t e d  by  chew ing  i n s e c t s  and  i t s  h o s t  r a n g e  was l i m i t e d  t o  t h e  
L e g u m in o s a e .
Sym ptom ato logy  o f  a n y  v i r u s  on t h e  b a s i s  o f  m a c r o s c o p ic  
symptoms a l o n e  h a s  b e e n  shown t o  b e  o f  l i m i t e d  u s e f u l n e s s ,  e s p e c i a l l y  
when u s e d  t o  d i f f e r e n t i a t e  s t r a i n s  (1 ,  6 ) .  Bawden (7) was o f  t h e  
o p i n i o n  t h a t  v a r i a b i l i t y ,  e s p e c i a l l y  i n  sy m p to m a to lo g y  and h o s t  r a n g e ,  
was n o rm a l  r a t h e r  th a n  e x c e p t i o n a l .  E n v i r o n m e n ta l  f a c t o r s  and  t h e  
symptoms p ro d u c e d  v a r i e d  and  u n l e s s  t h e  e n v i ro n m e n t  was d e f i n e d ,  
c o n d i t i o n s  c o u ld  h a v e  b e e n  d e s c r i b e d  w h ic h  may n e v e r  a g a i n  b e  p r e c i s e l y  
r e p r o d u c e d .  Zaumeyer and Thomas (6 8 ) fo u n d  t h a t  BPMV p ro d u c e d  l o c a l  
l e s i o n s  on some v a r i e t i e s  o f  b e a n s  and s y s t e m i c  m o t t l e  on o t h e r s .
Those v a r i e t i e s  s u s c e p t i b l e  t o  l o c a l  i n f e c t i o n  w e re  immune from  
s y s t e m i c  i n f e c t i o n ,  and t h o s e  s u s c e p t i b l e  t o  s y s t e m i c  i n f e c t i o n  w e re  
immune from  l o c a l  i n f e c t i o n .  The c i r c u l a r  l o c a l  l e s i o n s  a p p e a r e d  
t h r e e  to  f o u r  days  a f t e r  i n o c u l a t i o n  and  t h e  edges  o f  t h e  l e s i o n s  w e re  
l o c a t e d  n e a r  t h e  v e i n s ,  t h e  v a s c u l a r  t i s s u e  became n e c r o t i c .  Zaumeyer 
and  Thomas ( 6 8 ) r e p o r t e d  t h a t  BPMV p ro d u c e d  a  s e v e r e  m o t t l e  on P .  
v u l g a r i s  v a r .  L o n g ree n  and  T e n d e r g r e e n .  The t r i f o l i a t e  l e a v e s  o f  
F u l l  M easu re  and  T e n d e r g r e e n  w ere  b o th  m o t t l e d  and n e c r o t i c ,  and  d e a t h  
o f  t h e  p l a n t  o c c u r r e d  i n  some c a s e s .  The pods o f  many s u s c e p t i b l e  
v a r i e t i e s  w e re  s e v e r e l y  m o t t l e d  and d a r k e r  g r e e n  th a n  n o rm a l .  They 
w e re  s h o r t e r  t h a n  n o rm a l ,  m a l fo rm e d ,  c u r l e d ,  t w i s t e d ,  and  somewhat 
ro u g h  and  w a r t y ;  o f t e n  t h e y  c o n t a i n e d  a b o r t i v e  o r  a b n o r m a l ly  d e v e lo p e d  
o v u l e s .  Ross ( 4 3 ) . d e s c r i b e d  t h e  s y n e r g i s t i c  a c t i o n  o f  BPMV and s o y b e a n  
m o sa ic  v i r u s  (SMV) on H i l l  and  Lee s o y b e a n s .  The a p i c e s  o f  t h e  p l a n t s
d e v e lo p e d  a s h o c k  r e a c t i o n  i . e . ,  c u r v a t u r e  and  d e a t h  o f  t h e  s h o o t  
t e r m i n a l ,  when p r im a r y  l e a v e s  w e re  i n o c u l a t e d .
McLean (34) d e s c r i b e d  CPMV symptoms t h a t  d e v e lo p e d  from  s e e d  o f  
CPMV i n f e c t e d  p l a n t s .  P r im a ry  symptoms o f  m o s a ic  a p p e a re d  i n  t h e  
s im p le  l e a v e s .  V e i n - c l e a r i n g  was t h e  m o s t  n o t i c e a b l e  symptom i n  th e  
d e v e l o p i n g  l e a v e s .  F o l lo w in g  t h i s ,  a  m o t t l i n g  o f  l i g h t  and  d a r k  
g r e e n  was e v i d e n t .  T h e re  was l i t t l e  d i f f e r e n c e  i n  t h e  c h a r a c t e r i s t i c  
symptoms p ro d u c e d  i n  t h e  f i r s t  compound l e a v e s  o r  t h e  s u c c e e d in g  ones  
i n  p l a n t s  i n f e c t e d  fro m  s e e d  o r  t h o s e  s e c o n d a r i l y  i n f e c t e d .  I r r e g u l a r  
p a t c h e s  o f  a  l i g h t e r  g r e e n  w e re  fo u n d  i n t e r s p e r s e d  w i t h  t h e  no rm al 
g r e e n .  T h e se  p a t c h e s  w e re  o f t e n  e l o n g a t e d  b l o t c h e s  ru n n in g  p a r a l l e l  
w i t h  t h e  v e i n s  o f  t h e  l e a f l e t .  A ccom panying t h e  m o t t l i n g  t h e r e  was 
f r e q u e n t l y  a  co n v ex  c u p p in g  o r  a r c h i n g  o f  t h e  l e a f l e t s .  McLean (34) 
a l s o  fo u n d  t h a t  p l a n t s  grown from  i n f e c t e d  s e e d  e x h i b i t e d  s h o r t e n e d  
i n t e r n o d e s ,  and th e  p e t i o l e s  w e re  f r e q u e n t l y  t w i s t e d  and s h o r t e r  th a n  
t h o s e  on h e a l t h y  p l a n t s .  The p l a n t s  w ere  l a t e  i n  m a tu r in g  due to  t h e  
s y s t e m i c  i n f e c t i o n .  T h e re  seems t o  b e  no m e thod  o f  p r e d i c t i n g  w here  
s u s c e p t i b l e  p l a n t s  may be  fo u n d  f o r  unknown v i r u s e s ,  C e r t a i n  f a m i l i e s ,  
L e g u m in o se a e ,  C u c u r b i t a c e a e ,  S o l a n a c e a e ,  and  C h e n o p o d ia c e a e  c o n t a i n  
s p e c i e s  t h a t  a r e  s u s c e p t i b l e  t o  a w id e  r a n g e  o f  v i r u s e s  ( 2 4 ) .  Zaumeyer 
and  Thomas (6 8 ) u s e d  p r a c t i c a l l y  a l l  t h e  c o m m e r c ia l ly  im p o r t a n t  
v a r i e t i e s  o f  s n a p  and d r y  b e a n s  i n  a  h o s t  r a n g e  s t u d y  w i t h  BPMV. Of 
t h e  6 8  v a r i e t i e s  o r  s t r a i n s  i n o c u l a t e d  w i t h  BPMV, 41 p ro d u c e d  l o c a l  
l e s i o n s ,  23 w e re  s u s c e p t i b l e  to  s y s t e m i c  l e s i o n s ,  and 4 h ad  b o th  l o c a l  
l e s i o n s  and  s y s t e m i c  i n f e c t i o n .  Zaumeyer and  Thomas (6 8 ) fo u n d  t h a t  
o f  t h e s e  6 8 . v a r i e t i e s , t h e  m a j o r i t y  o f  t h e  g r e e n -p o d d e d  v a r i e t i e s  o f  
s n a p  and  d r y  b e a n s  w e re  s u s c e p t i b l e  t o  l o c a l  i n f e c t i o n .  M ost o f  t h e
v a r i e t i e s  o f  l im a  b e a n s  w e re  i n o c u l a t e d  w i t h  BPMV. Two s m a l l - s e e d e d  
v a r i e t i e s ,  G re e n - s e e d e d  H en d e rso n  Bush, and  U, S. 3 4 3 ,  w e re  s u s c e p t i b l e  
t o  l o c a l  l e s i o n  i n f e c t i o n  o n l y .  F o rd h o o k ,  U. S . 242 and E a r l y  M a rk e t ,  
a l l  l a r g e - s e e d e d  v a r i e t i e s ,  w e re  immune. I n  a d d i t i o n  to  t h e  snap  
and  d r y  b e a n  v a r i e t i e s ,  Zaum eyer and  Thomas (6 8 ) i n o c u l a t e d  25 s p e c i e s  
r e p r e s e n t i n g  20 g e n e ra  i n  n i n e  f a m i l i e s .  None o f  t h e s e  s p e c i e s  became 
i n f e c t e d  e x c e p t  so y b e a n  w h ich  showed s y s t e m i c  i n f e c t i o n .  The f o l l o w i n g  
v a r i e t i e s  o f  s o y b e a n s  w e re  s u s c e p t i b l e :  A rk so y ,  B i l o x i ,  B u r d e t t e ,
C h e ro k e e ,  C h i e f ,  CNS, G ib s o n ,  I l l i n i ,  L i n c o l n ,  R o ls o y ,  and  V i r g i n i a .  
W a l t e r s  (6 1 )  a l s o  r e p o r t e d  BPMV as  i n f e c t i n g  s o y b e a n  f i e l d s  i n  
A r k a n s a s .  Desmodium p a n i c u l a t u m  (b e g g a rw e e d ) , a  w i l d  legume show ing  
v i r u s  sym ptom s, was c o l l e c t e d  by  W a l te r s  (61) and  Moore e t ’a l .  (35) i n  
t h e  a r e a  o f  t h e  i n f e c t e d  s o y b e a n  f i e l d s .  W a l te r s  (61) i n o c u l a t e d  
v a r i o u s  p l a n t s  w i th  e x t r a c t s  from  t h e  i n f e c t e d  D. p a n i c u l a t u m  l e a v e s . 
T h o se  p l a n t s  sh o w in g  s y s t e m i c  symptoms w ere  H i l l  and Hood so y b e a n s  
(G. max) , " B la c k  V a l e n t i n e "  b e a n  (P . v u l g a r i s ) , and Monarch cow pea. 
P i n t o ,  G r e a t  N o r t h e r n ,  and  B o u n t i f u l  b ean s  showed l o c a l  i n f e c t i o n .
No i n f e c t i o n  o c c u r r e d  on  cucum ber (cucum is  s a t i v u s  L . ) ,  N i c o t i a n a  
ta b acu m  L . ,  N. r u s t i c a  L . ,  o r  N. g l u t i n o s a  L. S e r o l o g i c a l  t e s t s  
showed t h a t  t h e  v i r u s  from  D. p a n i c u la tu m  was s e r o l o g i c a l l y  i d e n t i c a l  
t o  BMPV. I n  a  s i m i l a r  s t u d y ,  Horn e t  a l .  (29) r e p o r t e d  BPMV p r e s e n t  
i n  s o y b ean  f i e l d s  i n  L o u i s i a n a .  They a l s o  found  D. p a n i c u l a t u m  and jD. 
c a n a d e n s e  (61) to  be  h o s t s  f o r  BPMV.
S k o t l a n d  (52) fo u n d  BPMV i n  n a t u r a l l y  i n f e c t e d  s o y b e a n s  i n  
N o r th  C a r o l i n a  and  V i r g i n i a .  A l l  s o y b e a n  v a r i e t i e s  i n c l u d e d  i n  t h e  
t e s t  w ere  s u s c e p t i b l e .  The v i r u s  p ro d u c e d  l o c a l  l e s i o n s  o r  m o t t l i n g  
on v a r i o u s  b e a n  v a r i e t i e s .  Some v a r i e t i e s  o f  cowpeas w ere  r e s i s t a n t
and o t h e r s  w e re  s u s c e p t i b l e  . t o  i n f e c t i o n .  A nnua l and p e r e n n i a l  
L e sp e d e z a  s p p . ( l e s p e d e z a s ) , S t i z o lo b iu m  d e e r in g ia n u m  L. ( v e l v e t  b e a n )  
and  T r i f o l i u m  in c a r n a tu m  L. (c r im so n  c l o v e r )  w e re  r e p o r t e d  as h o s t s  
f o r  t h e  f i r s t  t im e  ( 5 1 ) .  Fhaaeolus l u n a t u s  L . ( l im a  b e a n ) ,  Pisum 
s a t i v u m  L. (g a rd e n  p e a ) ,  M e l i l o t u s  o f f i c i n a l i s  (L . )  Lam. (sw ee t 
c l o v e r ) ,  C r o t a l a r i a  s p p . ( r a t t l e b o x ) , V ic i a  f a b a  L. ( b r o a d b e a n ) , 
A r a c h is  h y p o g a e a  L. ( p e a n u t ) , M ed icago  s a t iv u m  L, ( a l f a l f a ) , N i c o t i a n a  
tabacum  L. ( t a b a c c o ) ,  Cucumis s a t i v u s  L. ( c u c u m b e r ) ,  C apsicum  annum L. 
( p e p p e r ) ,  L y c o p e r s i c o n  e s c u le n tu m  M i l l ,  ( t o m a to ) ,  and P e t u n i a  s p p . 
( p e t u n i a )  w e re  r e s i s t a n t  ( 5 2 ) .
G a rd n e r  (25) fo u n d  t h a t  a  number o f  v a r i e t i e s  o f  cowpea (V. 
s i n e n s i s )  v a r .  P r o g r e s s i v e  W hite  i n  I n d i a n a  w e re  s u s c e p t i b l e  t o  CPMV. 
McLean (34) r e p o r t e d  t h a t  13 o f  19 v a r i e t i e s  o f  cowpeas t e s t e d  w ere  
s u s c e p t i b l e  to  CPMV. The l im a  b e a n  ( P h a s e o lu s  l u n a t u s  m a c ro c a rp u s  
B e n th ,  v a r .  Wood's P r o l i f i c )  was t h e  o n ly  o t h e r  member o f  t h e
L egum inosae  s u s c e p t i b l e  t o  CPMV ( 3 4 ) .
S h ep h erd  and F u l t o n  (50) d e s c r i b e d  a  v i r u s  t h a t  in d u c e d  a
m o sa ic  d i s e a s e  i n  E a r l y  W i l t  R e s i s t a n t  Ramshorn cowpea (V. s i n e n s i s )
and  w hose h o s t  r a n g e  was r e s t r i c t e d  l a r g e l y  t o  t h e  L eg u m in o sae .  T h is  
i s o l a t e  was c l o s e l y  r e l a t e d  s e r o l o g i c a l l y  to  s o u t h e r n  b e a n  m o sa ic  
v i r u s  (SBMV), a l t h o u g h  i t  was n o t  i n f e c t i o u s  t o  s e v e n  v a r i e t i e s  o f  
b e a n s  t e s t e d .  They r e p o r t e d  a r a t h e r  l i m i t e d  h o s t  r a n g e  f o r  t h e i r  
CPMV i s o l a t e .  Cyam opsis t e t r a g o n o l o b a  ( L . )  T a u b . showed l o c a l  
l e s i o n s  i n  i n o c u l a t e d  l e a v e s  and v e r y  f a i n t  s y s t e m i c  v e i n - c l e a r i n g  o r  
m o t t l e .  ^3. max v a r .  "Hawkeye" showed a  s y s t e m i c  c h l o r o t i c  m o t t l e .  
P isum s a t i v u m  L. v a r .  L i t t l e  M arv e l  and  V igna  s e s q u i p e d a l i s  (L .)  
F r u w i r t h  w e re  b o th  s y s t e m i c a l l y  i n f e c t e d .  The w o rk e r s  w e re  u n a b le
t o  in d u c e  v i r u s  i n f e c t i o n  t o  members o f  C h e n o p o d ia c e a e ,  C u c u r b i t a c e a e ,  
and  S o la n a c e a e .  O th e r  common members o f  t h e  Legum inoaae w ere  immune 
d e s p i t e  r e p e a t e d  i n o c u l a t i o n s .  I n  a l a t e r  s t u d y ,  S h ep h erd  (51) 
r e p o r t e d  a CPMV i s o l a t e  t h a t  had  a  b r o a d e r  h o s t  r a n g e  th a n  t h o s e  
p r e v i o u s l y  r e p o r t e d  and w h ic h  was m e c h a n i c a l l y  t r a n s m i s s a b l e  to  
s e v e r a l  n o n - le g u m in o u s  p l a n t s .  N o n - leg u m in o u s  p l a n t s  r e p o r t e d  by 
S h ep h e rd  (51) a s  p r o d u c in g  a  r e a c t i o n  to  CPMV w e re :  £ .  s a t i v u s  L . ,
N i c o t i a n a  s p p . , D a tu r a  s t ra m o n iu m  L , , P e t u n i a  h y d r i d a  V i l m . , B e ta  
v u l g a r i s  L . ,  Gomphrena g lo b o s a  L . Chenopodium  a m a r a n t i c o l o r  L . ,  and  
c a p i t a t u m  (L . )  A sch .  The f o l l o w i n g  s p e c i e s  o f  L egum inosae  w ere  
s e s c e p t i b l e :  Cassia o c c i d e n t a l i s  L . ,  C a ja n u s  c a j a n  (L . )  M i l l s p . ,
t e t r a g o n o l o b a  ( L . )  T a u b . ,  D o l ic h o s  l a b l a b  L . ,  G. max (L . )  M e r r . ,  
P h a s e o lu s  a u r e u s  Roxb. ,  .P. c o c c in e u s  L . , P , l u n a tu s  L . , P. s a t i v u m  L . , 
S e s b a n ia  e x a l t a  ( R a f . )  C a ry ,  and  V, S e s q u i p e d a l i s .
C han t (13) d e s c r i b e d  t h e  h o s t  r a n g e  o f  t h e  T r i n i d a d  s t r a i n  o f  
CPMV. On cow pea (V igna  u n g u i c u l a t a ) (L . )  W alp . c h l o r o t i c  l e s i o n s  
a p p e a r e d  on t h e  i n o c u l a t e d  l e a v e s ,  f o l l o w e d  by  p ro n o u n ced  v e i n - c l e a r i n g  
on  t h e  f i r s t  t r i f o l i a t e  w i t h  s u b s e q u e n t  l e a v e s  sh o w in g  r e g u l a r  
y e l l o w i s h  and  d a r k  g r e e n  m o t t l i n g  w i th  some b l i s t e r i n g  and d i s t o r t i o n  
o f  t h e  l a m in a .  L o c a l  l e s i o n s  w ere  p ro d u c e d  on C a n a v a l i a  e n s i f o r m i s  
(Sword B e a n ) ,  Mucuna a t e r r i m a  H o l la n d  (B en g a l  B e a n ) ,  1?. v u l g a r i s  v a r .  
C om tesse  de  Cham bord, C. a m a r a n t i c o l o r , and  P. h y b r i d a .
Many v i r u s e s  w e re  r e p o r t e d  to  i n f e c t  so y b e a n  (3 0 ,  3 1 ,  32) b u t  
few r e p o r t s  i n d i c a t e d  t h e  e f f e c t s  o f  v i r u s e s  on s o y b e a n  y i e l d s . SMV 
c a u s e d  a  r e d u c t i o n  o f  y i e l d s  o f  s o y b e a n s  i n  I n d i a n a  b y  30 -7 5  p e r c e n t  i n  
1921 and  1922 ( 2 5 ) .  More r e c e n t l y ,  C r i t t e n d e n ,  e t  a l .  (18) o b t a i n e d  
s o y b e a n  l o s s e s  o f  a p p r o x i m a t e l y  60 p e r c e n t  when 85 p e r c e n t  o f  t h e
p l a n t s  w ere  I n f e c t e d  w i t h  to b a c c o  r i n g s p o t  v i r u s  (TRSV), The l a r g e  
number o f  v i r u s e s  c a p a b l e  o f  i n f e c t i n g  s o y b e a n s  (1 8 ,  39) c o u p le d  w i t h  
e x p a n d in g  s o y b e a n  p r o d u c t i o n ,  i n c r e a s e s  t h e  p r o b a b i l i t y  o f  m u l t i p l e  
v i r u s  i n f e c t i o n s . W a l te r s  (61) r e p o r t e d  SMV, BPMV, y e l lo w  s t i p p l e  
v i r u s ,  and a n  unknown v i r u s . o c c u r r e d  n a t u r a l l y  i n  s o y b e a n s  i n  th e  
A rk a n s a s  R iv e r  V a l l e y .  L o s se s  i n  m o s t  f i e l d s  w e re  m i n o r ,  b u t  a t o t a l  
l o s s  o c c u r r e d  i n  some f i e l d s . S k o t l a n d  (52) fo u n d  up to  75 p e r c e n t  
i n f e c t i o n  by  BPMV i n  n a t u r a l l y  i n f e c t e d  s o y b e a n s  i n  N o r th  C a r o l i n a  
and  V i r g i n i a .  Ross (4 1 ,  44 )  showed t h a t  e a r l y  com bined  i n f e c t i o n s  
w i t h  SMV a n d  BPMV on H i l l  and  Lee so y b ean s  d r a s t i c a l l y  r e d u c e d  s o y b e a n  
y i e l d s  and  r e d u c e d  t h e  c r o p  v a l u e  by  a d v e r s e l y  a f f e c t i n g  s e e d  
c h a r a c t e r s .  P l a n t s  o f  b o t h  v a r i e t i e s  w ere  s l i g h t l y  s t u n t e d  b y  BPMV. 
t h e  d o u b ly  i n f e c t e d  p l a n t s  d e v e lo p e d  c h l o r o t i c  m o t t l i n g ,  s t u n t i n g ,  
c u r v a t u r e  and  b r i t t l e n e s s  o f  s te m  a p i c e s ,  and  d a r k  s t r e a k s  on f i l l e d  
p o d s .  Y i e l d  r e d u c t i o n s  o f  H i l l  i n o c u l a t e d  w i t h  e i t h e r  s t r a i n  o f  SMV 
i n  c o m b in a t io n  w i t h  BPMV w e re  s i g n i f i c a n t l y  g r e a t e r  th a n  t h e  sum o f  
t h e  r e d u c t i o n s  c a u s e d  by  s e p a r a t e  i n o c u l a t i o n s  w i t h  SMV o r  BPMV.
Y ie ld  r e s p o n s e  o f  Lee i n f e c t e d  w i t h  SMV and BPMV was s y n e r g i s t i c  
(80 p e r c e n t  r e d u c t i o n ) , b u t  t h e  y i e l d  r e d u c t i o n  o f  Lee i n f e c t e d  w i t h  
b o t h  v i r u s e s  was n o t  s y n e r g i s t i c  (65 p e r c e n t  r e d u c t i o n ) . BPMV c a u s e d  
g r e a t e r  y i e l d  r e d u c t i o n  to  Lee th a n  t o  H i l l .  I n  a  l a t e r  s t u d y ,  Ross 
(45) s t a t e d  t h a t  s e q u e n t i a l  i n o c u l a t i o n s  w i t h  SMV and BPMV (one w eek 
a p a r t )  i n  e i t h e r  o r d e r  r e d u c e d  y i e l d s  as  much as s im u l t a n e o u s  i n o c u l a ­
t i o n s .  S e q u e n t i a l  i n o c u l a t i o n s  o f  SMV f o l lo w e d  by  BRMV c a u s e d  m ore 
s e e d  m o t t l i n g ,  g r e a t e r  r e d u c t i o n s  i n  s e e d  s i z e ,  a n d  p o o r e r  s e e d  
q u a l i t y  t h a n  i n o c u l a t i o n s  made i n  t h e  r e v e r s e  o r d e r .
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C o m p a r a t iv e ly  l i t t l e  w ork  h as  b e e n  done  c o n c e r n i n g  v a r i e t a l  
r e s p o n s e  o f  s o y b e a n s  o r  cowpeas t o  CPMV. However, C h e s t e r  (15) 
e s t i m a t e d  t h e  l o s s  o f  cowpeas a t  30 p e r c e n t  i n  s e v e r a l  f i e l d s  i n  
Oklahoma i n  1939 a n d  s t a t e d  t h a t  t h e  d i s e a s e  was s e e n  f r e q u e n t l y  a t  
v a r i o u s  l o c a t i o n s  i n  t h e  s t a t e .
The i n f l u e n c e  o f  t e m p e r a t u r e  on t h e  e x p r e s s i o n  o f  symptoms o f  
BPMV was f i r s t  d e s c r i b e d  by Zaumeyer and Thomas (6 8 ) .  The optimum 
t e m p e r a t u r e  f o r  p r o d u c t i o n  o f  l o c a l  l e s i o n s  was 10 C. B a n c r o f t  (6 ) 
and  Ross (44) a l s o  r e p o r t e d  v a r i a t i o n  i n  symptom e x p r e s s i o n  o f  BPMV 
w h ic h  th e y  a t t r i b u t e d  to  i n c r e a s e  i n  t e m p e r a t u r e .  BPMV s y s t e m i c  
symptoms fa d e d  o r  w e re  m asked  a s  t e m p e r a t u r e s  i n c r e a s e d .
BPMV was t r a n s m i t t e d  b y  t h e  b ean  l e a f  b e e t l e  (£ .  t r i f u r c a t a )
(4 1 ,  6 2 ) ,  t h e  m o s t  common v e c t o r  o f  t h e  v i r u s .  W a l te r s  (62) r e p o r t e d  
53 p e r c e n t  t r a n s m i s s i o n  t o  H i l l  so y b ean s  w i t h  bean  l e a f  b e e t l e s  when 
h e  a l lo w e d  t h e  i n s e c t s  a  48 h o u r s  a c q u i s i t i o n  p e r i o d  on v i r u s  i n f e c t e d  
D. p a n i c u l a t u m  p l a n t s .  Ross (42) found  b e a n  l e a f  b e e t l e s  n a t u r a l l y  
i n f e c t i n g  s o y b e a n s  w i t h  BPMV i n  N o r th  C a r o l i n a .  I n  g re e n h o u s e  t e s t s  
h e  was a b l e  to  o b t a i n  67 p e r c e n t  t r a n s m i s s i o n  o f  BPMV b y  t h e  b e e t l e s . 
Horn e t  a l .  (29) r e p o r t e d  t h a t  i n  L o u i s i a n a  t h e  c h r y s o m e l id  b e e t l e  
v e c t o r s  o f  BPMV r e a d i l y  f e e d  on Desmodium s p p . , a n a t u r a l  h o s t  f o r .
BPMV, and th e n  t r a n s m i t  t h e  v i r u s  to  so y b e a n s  e a r l y  i n  t h e  g ro w in g  
s e a s o n .  Horn e t  a l .  (29) c o n d u c te d  g r e e n h o u s e  t e s t s  w i t h  t h e  b e a n  
l e a f  b e e t l e  a n d  o t h e r  c h r y s o m e l id  b e e t l e s  to  d e t e r m in e  i f  t r a n s m i s s i o n  
o f  BPMV o c c u r r e d .  T r a n s m is s io n  o f  BPMV b y  t h e s e  i n s e c t s  r a n g e d  from  
4 “ 15 p e r c e n t .
The f i r s t  r e p o r t  o f  i n s e c t  t r a n s m i s s i o n  by  i n s e c t s  o f  CPMV 
was i n  1924 by  Sm ith  ( 5 3 ) .  S in c e  th e n  o t h e r s  h av e  r e p o r t e d  t r a n s m i s s i o n
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o f  CPMV b y  t h e  b e a n  l e a f  b e e t l e  (C era tom a t r i f u r c a t a  F o r s t . ) *  I n  
T r i n i d a d ,  D a le  (19) d e s c r i b e d  a  m o s a ic  d i s e a s e  o f  cowpea t h a t  was 
t r a n s m i t t e d  b y  b e a n  JLeaf b e e t l e s  (C. r u f i c o r n i s  O l i v ) . A n d erso n  (2) 
and  Yu (67) h a v e  r e p o r t e d  a p h i d - b o r n e  v i r u s e s  r e s t r i c t e d  to  t h e  
L egum inosae  i n  h o s t  r a n g e  and  h a v i n g  s i m i l a r  p r o p e r t i e s  i n  v i t r o  to  
t h e  T r i n i d a d  v i r u s .
Seed t r a n s m i s s i o n  o f  CPMV h a s  b e e n  r e p o r t e d  by A nderson  (2 ,  3 ) ,  
D a le  ( 1 9 ) ,  McLean ( 3 4 ) ,  S h e p h e rd  and F u l t o n  ( 5 0 ) ,  Yu (6 6 ) ,  S n y d er  ( 5 4 ) ,  
and G a rd n e r  ( 2 6 ) .  Most o f  t h e s e  r e c o r d e d  10 p e r c e n t  s e e d  t r a n s m i s s i o n ,  
h o w e v e r ,  McLean (34) r e p o r t e d  2 -6  p e r c e n t  t r a n s m i s s i o n  and  S hep h erd  
and  F u l t o n  (50)  3 -4  p e r c e n t  t r a n s m i s s i o n .  No s e e d  t r a n s m i s s i o n  o f  
BPMV h as  b e e n  r e p o r t e d .
A number o f  w o rk e r s  h a v e  i n v e s t i g a t e d  t h e  p h y s i c a l  p r o p e r t i e s  
o f  BPMV ( 6 , 3 3 ,  6 8 ) and CPMV, r e s p e c t i v e l y  (12 , 1 3 ,  34 , 4 7 ,  4 8 ,  4 9 ,  5 8 ,  
5 9 ,  6 7 ) .  H owever, t h e  d a t a  p r e s e n t e d  was i n c o n s i s t e n t .  Zaumeyer and  
Thomas (6 8 ) r e p o r t e d  th e r m a l  i n a c t i v a t i o n  p o i n t s  f o r  BPMV to  b e  
b e tw e e n  70 and 75 C when h e a t e d  f o r  10 m i n u t e s .  T h is  a g r e e s  c l o s e l y  
w i th  Matthews (33) who l i s t e d  t h e  th e r m a l  i n a c t i v a t i o n  p o i n t s  
b e tw e e n  60 and 85 C f o r  t h a t  g ro u p  o f  s p h e r i c a l  v i r u s e s  o f  w h ich  CPMV 
and BPMV a r e  m em bers . McLean (34) o b t a i n e d  i n f e c t i v i t y  w i t h  CPMV 
e x t r a c t  up to  72 C, b u t  n o t  w i t h  e x t r a c t  h e a t e d  up to  75 C. Yu (67) 
r e p o r t e d  a t h e r m a l  i n a c t i v a t i o n  p o i n t  o f  64 C f o r  CPMV. Shepherd  and  
F u l t o n  ( 5 0 ) ,  h o w e v e r ,  g o t  i n f e c t i o n  a t  85 C, b u t  n o n e  a t  90 C w i t h  
h e a t e d  CPMV e x t r a c t .  S h e p h e rd  (51) l a t e r  r e p o r t e d  a  much lo w er  th e r m a l  
i n a c t i v a t i o n  p o i n t  f o r  CPMV. He o b s e r v e d  i n f e c t i o n  a t  65 C b u t  no n e  a t  
70 C. C han t (13) a l s o  r e p o r t e d  i n a c t i v a t i o n  o f  CPMV a t  70 C.
A w id e  r a n g e  o f  v a l u e s  h a s  a l s o  b e e n  r e p o r t e d  f o r  t h e  d i l u t i o n  
end  p o i n t  o f  BPMV and CPMV, r e s p e c t i v e l y .  The maximum d i l u t i o n  a t  
w h ic h  i n f e c t i o n  by BPMV o c c u r r e d  was r e p o r t e d  by  Zaumeyer and Thomas 
(6 8 ) to  b e  1 : 1 0 ,0 0 0 .  McLean (34) fo u n d  t h a t  t h e  d i l u t i o n  end p o i n t  
f o r  CPMV was 1 :1 5 0 0  w h i l e  Yu (67) o b s e r v e d  no i n f e c t i o n  a t  1 :2 5 6 0 .  
S h ep h e rd  and  F u l t o n  (50) and S h ep h erd  (51) and  C han t (13) d e te r m in e d  
t h e  d i l u t i o n  end p o i n t  o f  CPMV was 1 : 1 0 ,0 0 0 .
L o n g e v i ty  o f  BPMV i n  v i t r o  h a s  b e e n  d e t e r m in e d  to  b e  62 days  
a t  18 C (6 8 ) . C hant (13) s t o r e d  CPMV e x t r a c t  a t  18 C and n o te d  
i n f e c t i o n  a t  e i g h t  d ay s  b u t  none a t  16 d a y s . McLean (34) ag ed  CPMV 
e x t r a c t  a t  2 0 -2 5  C and  r e p o r t e d  i n a c t i v a t i o n  o f  t h e  v i r u s  b e tw e e n  48 
an d  72 h o u r s .  Yu ( 6 7 ) ,  h o w e v e r ,  g o t  i n f e c t i o n  a t  72 h o u r s  b u t  none 
a t  96 h o u r s . S h ep h e rd  and  F u l t o n  (50) r e p o r t e d  i n f e c t i o n  w i t h  CPMV 
e x t r a c t  s t o r e d  a t  22 C a f t e r  15 d ay s  b u t  none a t  20 d a y s ,  and S h epherd  
(51 )  a t  7 d a y s ,  none a t  10 d a y s .
M o r p h o l o g i c a l l y ,  BPMV and CPMV a r e  v e r y  s i m i l a r .  M atthew s (35) 
l i s t e d  them  i n  t h e  S quash  M osa ic  V iru s  G roup . T h is  g ro u p  c o n s i s t s  
o f  s m a l l  i s o d i a m e t r i c  v i r u s e s  w h ich  a r e  m ore o r  l e s s  d i s t a n t l y  
r e l a t e d  s e r o l o g i c a l l y ,  a n d  t r a n s m i t t e d  by  b e e t l e s . I n c l u d e d  i n  t h e  
g ro u p  a r e  s q u a s h  m o s a ic  v i r u s ,  BPMV, and CPMV, a l l  o f  w h ich  p ro d u c e  
s e v e r a l  s e d im e n t i n g  com ponen ts  (6 6 ) .
BPMV h a s  b e e n  shown to  be  com posed fo  t h r e e  co m p o n e n ts ,  e a c h  
com posed o f  p o l y h e d r a l  p a r t i c l e s  o f  a d i a m e t e r  o f  a b o u t  30 Mu (6 , 23 , 
2 7 ,  4 7 ) .  I n  p u r i f i e d  p r e p a r a t i o n s  o f  BPMV t h e  t h r e e  ty p e s  o f  p a r t i c l e s  
a r e  s e p a r a b l e  by  t h e i r  s e d i m e n t a t i o n  c h a r a c t e r i s t i c s  ( 1 1 ) .  The to p  
com ponent ( 5 4 S ) , m id d le  (91S) and  b o t to m  (112S) c o n t a i n e d  0 ,  30 and 
37 p e r c e n t  RNA, r e s p e c t i v e l y  (6 ) .  The i s o l a t e d  RNA from  t h e  m id d le
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com ponent was n o t  i n f e c t i o u s ,  and had  a r e l a t i v e l y  low er  c o n t e n t  o f  
g u a n y l i c  and u r i d y l i c  a c i d s  com pared  w i t h  t h e  b o t to m  com ponent ( 4 7 ) .  
When com ponents  w e re  i s o l a t e d ,  and t e s t e d  f o r  i n f e c t i v i t y ,  e i t h e r  
s i n g l y  o r  i n  m i x t u r e s , t h e  i n f e c t i v i t y  o f  t h e  b o t to m  com ponent was 
i n c r e a s e d  b y  t h e  m id d le  com ponent b u t  n o t  by  t h e  to p  com p o n en t.  T h is  
f a c t  was a t t r i b u t e d  to  RNA, t h e  c o n t e n t  o f  t h e  m id d le  com ponent ( 6 5 ) .
S hepherd  (51) d e m o n s t r a t e d  CPMV to  b e  t h r e e  s p h e r i c a l  
p a r t i c l e s  o f  3 0 ,  29 and 30 Mu, r e s p e c t i v e l y .  Van Kammen (58) found  
t h a t  p u r i f i e d  p r e p a r a t i o n s  o f  CPMV c o n t a i n e d  t h r e e  com ponents  s e p a r a b l e  
on c e n t r i f u g a t i o n  w i t h  59S , 95S , and 115S and  e s t i m a t e d  RNA c o n t e n t  
f o r  t o p ,  m i d d l e ,  and b o t to m  com ponents  a s  0 ,  2 3 ,  and 32 p e r c e n t  RNA, 
r e s p e c t i v e l y .  T hese  f i g u r e s  showed th e  r e m a r k a b le  s i m i l a r i t y  o f  t h e  
two v i r u s e s .  The b a s e  c o m p o s i t io n  o f  t h e  m id d le  RNA o f  CPMV was 
r i c h e r  i n  u r i d y l i c  a c i d  th a n  t h a t  o f  b o t to m  RNA. Van Kammen (59) 
showed t h a t  n e i t h e r  com ponen t a l o n e  was i n f e c t i o u s ,  b u t  when th e  two . 
w e re  m ix e d ,  i n f e c t i v i t y  was r e s t o r e d .
S e ro lo g y  h a s  p ro v e n  u s e f u l  i n  e s t a b l i s h i n g  r e l a t i o n s h i p s  o f  
many p l a n t  v i r u s e s  (5 ,  4 6 ) .  B ennet (8 )  was o f  t h e  o p in i o n  t h a t  
s e r o l o g y  was m ore  im p o r t a n t  t h a n  d i f f e r e n t i a l  h o s t s  and p h y s i c a l  
p r o p e r t i e s  i n  d i f f e r e n t i a t i n g  s t r a i n s  o f  m o s t  p l a n t  v i r u s e s . S c o t t  
e t  a l . ( 4 6 ) ,  u s i n g  t h e  m i c r o p r e c i p i t i n  t e s t ,  p o i n t e d  o u t  t h a t  th e  
s u s p e c t e d  r e l a t i o n s h i p  b e tw e e n  BPMV and r e d  node v i r u s  d id  n o t  e x i s t .
The O u c h te r lo n y  a g a r  d o u b le  d i f f u s i o n  t e s t  r e p r e s e n t s  o n e  o f  
t h e  n e w e s t  s e r o l o g i c a l  t e c h n i q u e s  ( 5 ) .  S c o t t  e t  a l .  (46) showed t h a t  
BPMV and  r e d  node  v i r u s e s  w e re  s e r o l o g i c a l l y  u n r e l a t e d ,  e a c h  g i v i n g  
d i s t i n c t  l i n e s  o f  p r e c i p i t a t i o n .  S h ep h e rd  (51) showed t h a t  t h e  
A rk a n s a s  and  T r i n i d a d  s t r a i n s  o f  CPMV w e re  c l o s e l y  r e l a t e d ,  b u t  n o t
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i d e n t i c a l  s e r o l o g i c a l l y .  B oth  v i r u s e s  p ro d u c e d  s t r o n g  p r e c i p i t a t i o n  
l i n e s  when t e s t e d  a g a i n s t  e i t h e r  t h e  hom ologous  o r  h e t e r o l o g o u s
a n t i s e r u m .  Both v i r u s e s  r e a c t e d  w i t h  a n t i s e r u m  to  BPMV. I n  r e c i p r o c a l
t e s t s ,  BPMV p ro d u c e d  d i f f u s e ,  b u t  d e f i n i t e ,  p r e c i p i t i n  b an d s  when 
t e s t e d  w i t h  a n t i s e r a  t o  e i t h e r  o f  t h e  cowpea v i r u s e s .  The N i g e r i a n  
cowpea y e l lo w  m o s a ic  v i r u s  (CYMV) c o n s i s t e n t l y  r e a c t e d  w i t h  each  o f  
t h e  cowpea v i r u s e s ,  b u t  d id  n o t  r e a c t  w i t h  BPMV. T h is  s u g g e s t e d  a 
d i s t a n t  r e l a t i o n s h i p  b e tw e e n  t h e  N i g e r i a n  CYMV and BPMV ( 5 1 ) .  S h ep h erd  
d e m o n s t r a t e d  a  s i m i l a r  r e l a t i o n s h i p  b e tw e e n  t h e  A rk an sas  and  T r i n i d a d  
cowpea v i r u s e s  and  BPMV. S h e p h e rd  (A9) was a l s o  a b l e  t o  show t h a t  a 
CPMV s t r a i n ,  r e c o v e r e d  from  cowpea s e e d l i n g s ,  was c l o s e l y  r e l a t e d  
s e r o l o g i c a l l y  t o  s o u t h e r n  b e a n  m o s a ic  v i r u s  (SBMV). W a l t e r s  (63) 
c o n f i rm e d  t h e  p r e s e n c e  o f  BPMV i s  D. p a n i c u l a t u m  when t h e  c ru d e  
e x t r a c t  o f  t h e  i n f e c t e d  p l a n t s  r e a c t e d  w i t h  BPMV a n t i s e r u m  i n  t h e  
O u c h te r lo n y  g e l - d i f f u s i o n  t e s t .
A r a p i d  i d e n t i f i c a t i o n  o f  v i r u s e s  c a n  b e  o b t a i n e d  f o r  r e a s o n a b l e  
c o n c e n t r a t e d  p r e p a r a t i o n s  b y  m ix in g  t h e  v i r u s  s o l u t i o n  w i t h  a s t a i n .  
Sem ancik  and B a n c r o f t  (47) d e s c r i b e d  a  m e th o d  f o r  e l e c t r o n  m ic r o s c o p y  
o f  BPMV p a r t i c l e s .  F r a c t i o n a t e d  p r e p a r a t i o n s  w ere  s t a i n e d  i n  a  1 :2
m i x t u r e  o f  v i r u s  s u s p e n s i o n  t o  2 p e r c e n t  u r a n y l  a c e t a t e .  A f t e r  a  3 -6
h o u r  s t a i n i n g  p e r i o d ,  c a r b o n - c o a t e d  F orm var g r i d s  w e re  c o a t e d  w i t h  t h e  
v i r u s - s t a i n  m i x t u r e .  Shadowed p r e p a r a t i o n s  r e v e a l e d  s p h e r i c a l  
p a r t i c l e s  o f  a b o u t  30 Mu i n  d i a m e t e r .
S hep h erd  (51) to o k  m e a su re m e n ts  f ro m  e l e c t r o n  m ic r o g r a p h s  o f  
p u r i f i e d  p r e p a r a t i o n s  o f  t h e  A rk a n s a s  and  T r i n i d a d  v i r u s e s  and CPMV 
n e g a t i v e l y  . s t a i n e d  w i t h  p h o s p h o t u n g s t a t e  showed u n i f o r m  s p h e r i c a l  
p a r t i c l e s  c a l c u l a t e d  t o  be  3 0 ,  2 9 ,  and 30 Mu d i a m e t e r ,  r e s p e c t i v e l y .
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S i m i l a r  p r e p a r a t i o n s  o f  t h e  A rk a n sa s  v i r u s  shadow ed w i t h  u ra n iu m  
i n d i c a t e d  t h e  p a r t i c l e s  w e re  p o l y h e d r a l  w i t h  a mean d i a m e te r  o f  
a p p r o x i m a t e l y  33 Mu. C h an t (13) s t a i n e d  th e  T r i n i d a d  CEMV s t r a i n  
w i t h  p h o s p h o t u n g s t a t e  and o b s e r v e d  p o l y h e d r a l  p a r t i c l e s  w i t h  a 
d i a m e t e r  o f  a p p r o x i m a t e l y  25 Mu.
MATERIALS AND METHODS
S o u rce  o f  I s o l a t e s
The BPMV i s o l a t e  u s e d  i n  t h i s  s t u d y  was c o l l e c t e d  d u r i n g  an  
e x a m in a t io n  o f  so y b e a n  f i e l d s  i n  L o u i s i a n a  i n  1968 . The CPMV i s o l a t e  
was o b t a i n e d  from  i n f e c t e d  cowpea p l a n t s  on  t h e  L o u i s i a n a  S t a t e  
U n i v e r s i t y  H i l l  Farm . Both  i s o l a t e s  w e re  m a i n t a i n e d  i n  D are  so y b e a n s  
i n  t h e  g r e e n h o u s e .
Method o f  I n o c u l a t i o n
M e c h a n ic a l  i n o c u l a t i o n s ,  u n l e s s  o t h e r w i s e  s t a t e d ,  w e re  made
»
w i t h  f r e s h l y  e x p r e s s e d  s a p  m ixed  w i t h  an  e q u a l  vo lum e o f  0 .0 1  M 
p h o s p h a te  b u f f e r  pH 7 . 0 ,  The in o c u lu m  was a p p l i e d  t o  t h e  b i f o l i a t e  
l e a v e s  o r  c o t y l e d o n s  b y  r u b b in g  b e tw e e n  t h e  thumb and f o r e f i n g e r .  I n  
t h e  c a s e  o f  l o c a l  l e s i o n  h o s t s  and cowpea p l a n t s  w h ic h  h a v e  l a r g e r  
l e a v e s ,  a  g a u z e  pad  was u s e d  to  a p p l y  t h e  in o c u lu m ,  Carborumdum,
600 m esh , s i l i c o n  c a r b i d e ,  was u s e d  as  a n  a b r a s i v e  ( 4 0 ) .
V i r u s  A ssay
A l l  a s s a y s  o f  BPMV and CPMV w e re  done on one  o f  two l o c a l  
l e s i o n  h o s t s ,  P .  v u l g a r i s  v a r .  P in to  o r  G re a t  N o r t h e r n .
H o s t  Range S tu d i e s
The f o l l o w i n g  g ro u p s  o f  p l a n t s  w e re  m e c h a n i c a l l y  i n o c u l a t e d  
w i t h  BPMV and  CPMV, r e s p e c t i v e l y :  1) w i l d  legum es grown from  s e e d s
c o l l e c t e d  i n  L o u i s i a n a ,  2) c u l t i v a t e d  legum es grown from  co m m e rc ia l  
s e e d  and  3) c u l t i v a t e d  v e g e t a b l e s  grown from  c o m m e rc ia l  s e e d .  I n
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a d d i t i o n ;  Desmodiiim s p p .  c o l l e c t e d  i n  L o u i s i a n a  and  n a t u r a l l y  i n f e c t e d  
w e re  a s s a y e d  f o r  v i r u s  on P i n t o  and  D are  so y b ean  i n d i c a t o r  p l a n t s .
A l l  s e e d s  w ere  g e r m in a te d  i n  f l a t s  and  i n o c u l a t i o n s  w ere  made on  th e  
f i r s t  t r u e  l e a v e s  ( b i f o l i a t e s )  o r  c o t y l e d o n s  o f  n o n - le g u m in o u s  s p e c i e s .  
One row o f  12 s e e d l i n g s  i n ' a  f l a t  c o m p r is e d  one  t r e a t m e n t .  Each 
t r e a t m e n t  was r e p l i c a t e d  f o u r  t i m e s .  Twelve s e e d l i n g s  p e r  f l a t  n o t  
ru b b e d  w i t h  v i r u s  w e re  t h e  c o n t r o l  p l a n t s .  The t e s t s  w ere  c o n d u c te d  
i n  an  a i r - c o n d i t i o n e d  g re e n h o u s e  a t  27 C.
E n v i r o n m e n ta l  E f f e c t s
To d e t e r m in e  t h e  e f f e c t  o f  t e m p e r a t u r e  on t h e  symptom e x p r e s s i o n  
o f  BPMV and CPMV, D are  s o y b e a n  p l a n t s  w e re  i n o c u l a t e d  w i th  e a c h  v i r u s ,  
r e s p e c t i v e l y ,  and p l a c e d  i n  e n v i r o n m e n ta l  g ro w th  cham bers ( S c h e r e r  
M o b ile  G re e h n o u se )  a t  20 , 2 5 ,  30 , 3 5 ,  and  40 C. Each t r e a t m e n t  was 
r e p l i c a t e d  f o u r  t i m e s . E v e ry  cham ber r e c e i v e d  14 h o u r s  o f  l i g h t  a t  
t h e  s p e c i f i e d  t e m p e r a t u r e s  and 10 h o u r s  o f  d a r k n e s s  a l l  a t  21 C to  
p r o x im a te  n i g h t  t e m p e r a t u r e s . The p l a n t s  w e re  o b s e r v e d  d a i l y  and 
symptoms r e c o r d e d .
F i e l d  T e s t i n g
S ix  s o y b ean  v a r i e t i e s  w ere  u s e d  t o  t e s t  t h e  e f f e c t  o f  BPMV and 
CPMV on t h e  y i e l d s  o f  b e a n s  i n  1969 and  1970 . H i l l ,  D are ,  L e e ,  B ragg ,  
Semmes, and  D avis  s e e d s  w e re  o b t a i n e d  from  th e  A le x a n d r i a  Seed C o . ,  
A l e x a n d r i a ,  L o u i s i a n a .  The t e s t s  w e re  p l a c e d  on  t h e  L o u i s i a n a  S t a t e  
U n i v e r s i t y  H i l l  Farm i n  a s u p e r im p o s e d  f a c t o r i a l  a r r a n g e m e n t  on  a 
ra n d o m iz e d  b l o c k  d e s i g n .  A l l  p l o t s  c o n s i s t e d  o f  f o u r  rows and  o n ly  
t h e  two c e n t e r  tows w ere  t r e a t e d .  F o u r  b u f f e r  rows s e p a r a t e d  each  
p l o t .  The p l o t s  w e re  50 f e e t  lo n g ,  w i th  25 f o o t  s u b p l o t s .  A 10 f o o t
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a l l e y  was c u t  b e tw e e n  eac h  s u b p l o t .  Each t r e a t m e n t  was r e p l i c a t e d  
f o u r  t i m e s .
The s e e d s  w e re  p l a n t e d  w i t h  a P l a n t e r  IV J u n i o r  a t  th e  r a t e  o f  
20 s e e d s  p e r  f o o t .  I n o c u l a t i o n s  w ere  made when t h e  b i l a t e r a l  l e a v e s  
w e re  w e l l  ex p an d e d  and  b e f o r e  t h e  f i r s t  t r i f o l i a t e s  budded  o u t .  D are  
b e a n  l e a v e s  from  BPMV and CPMV i n f e c t e d  p l a n t s ,  r e a r e d  a s  in o c u lu m  
p l a n t s  i n  t h e  g r e e n h o u s e  w e re  m inced  i n  a W aring  B le n d o r  i n  0 . 0 1  M 
p h o s p h a te  b u f f e r .  C arborundum  was ad d ed  as an  a b r a s i v e .  The two 
b i f o l i a t e  l e a v e s  w e re  i n o c u l a t e d  i n  t h e  m a n n e r  p r e v i o u s l y  d e s c r i b e d .
The p l a n t s  w ere  h a r v e s t e d  when t h e  b e a n s  w ere  s u f f i c i e n t l y  d r i e d  and 
s h a t t e r e d  w i t h  a  p l o t  t h r a s h e r  and the  w e ig h t s  o f  t h e  b e a n s  r e c o r d e d .
G ree n h o u se  Y ie ld  T e s t s
The e f f e c t  o f  BPMV and  CPMV, r e s p e c t i v e l y ,  on t h e  same s i x  v a r i ­
e t i e s  w e re  t e s t e d  i n  t h e  g r e e n h o u s e .  The p l a n t s  w e re  grown i n  14 in c h  
p o t s  w i t h  s e v e n  p l a n t s  p e r  p o t .  The p o t s  w e re  ran d o m ized  on  t h e  g r e e n ­
h o u s e  b en ch  and e a c h  t r e a t m e n t  was r e p l i c a t e d  f o u r  t i m e s .  The p l a n t s  
w e re  i n o c u l a t e d  a s  d e s c r i b e d  p r e v i o u s l y .  A p p r o p r i a t e  c o n t r o l s  w ere  
u s e d .  At m a t u r i t y ,  t h e  b e a n s  w ere  h a r v e s t e d  and a i r  d r i e d  a t  room tem ­
p e r a t u r e s  and  h u m i d i t y .  A f t e r  s u f f i c i e n t  d r y i n g ,  t h e  pods w ere  s h e l l e d  
by  h an d  and  th e  w e i g h t  o f  b e a n s  from  i n d i v i d u a l  p o t s  w e re  r e c o r d e d .
T r a n s m i s s i o n  S tu d i e s
A) I n s e c t  T r a n s m is s io n
C. t r i f u r c a t a  (b ean  l e a f  b e e t l e s )  w e re  u se d  as  v e c t o r s  f o r  
BPMV, and  th e  Myzus p e r s i c a e  S a l z .  ( g r e e n  p e a c h  a p h i d )  f o r  CPMV. Bean 
l e a f  b e e t l e s  w e re  s t a r v e d  f o r  4 - 5  h o u r s  t h e n  a l lo w e d  to  f e e d  on  i n f e c t e d  
l e a v e s  i n  s m a l l  v i a l s .  A t t h e  end o f  t h e  f e e d i n g  p e r i o d ,  i n d i v i d u a l
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b e e t l e s  w e re  t r a n s f e r r e d  from  th e  v i a l s  to  D are  p l a n t s  i n  c a g e s .
The c a g e s  w e re  c o n s t r u c t e d  o f  s h e e t  c e l l u l o s e  n i t r a t e  r o l l e d  i n t o  a
c y l i n d e r ,  s e a l e d  and capped  a t  one end w i t h  n e t t i n g .  Sponge r u b b e r
s t o p p e r s  i n  t h e  s i d e s  o f  t h e  c a g e s  c o u ld  b e  removed from  t h e  c a g e s  t o
s e r v e  a s  an  o p e n in g  t o  p l a c e  t h e  i n s e c t s  i n s i d e .  The open  ends o f  t h e
c a g e s  w e re  p l a c e d  o v e r  t h e  p l a n t s  and  p u sh ed  i n t o  t h e  s o i l .  The
b e e t l e s  w e re  a l lo w e d  to  f e e d  u n t i l  th e y  w e re  o b s e rv e d  to  f e e d  b e f o r e
th e y  w e re  t r a n s f e r r e d  t o  t h e  h e a l t h y  p l a n t s .  G reen  p e a c h  a p h id s
w e re  r e a r e d  on young  D a tu r a  s p p . p l a n t s  and t r a n s f e r r e d  e v e r y  12-14
day s  t o  f r e s h  h o s t  p l a n t s .  A phids  w e re  b r u s h e d  i n t o  g l a s s  p e t r i
d i s h e s  and  s t a r v e d  f o r  30 m in u te s  to  one  h o u r  b e f o r e  t h e  a c q u i s i t i o n
p e r i o d .  A d i s s e c t i n g  m ic r o s c o p e  was u s e d  t o  o b s e r v e  and v e r i f y  t h a t
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t h e  a p h id s  w e re  f e e d i n g  o r  a t  l e a s t  p r o b i n g .  Then th e y  w ere  t r a n s f e r r e d  
to  t h e  t e s t  p l a n t s  w h e re  t h e y  w e re  a l lo w e d  to  re m a in  f o r  e i g h t  h o u r s .  
O b s e r v a t i o n s  w e re  made d a i l y  f o r  f o l i a r  sym ptom s. I n  c a s e  t h e  l e a f  
symptoms o f  an y  i n d i v i d u a l  p l a n t  was q u e s t i o n a b l e ,  e x p r e s s e d  s a p  from  
t h a t  p a r t i c u l a r  p l a n t  was u s e d  to  a s s a y  t h e  v i r u s  on  P in to  b e a n s .
A ph ids  w h ic h  w e re  f e d  on h e a l t h y  l e a v e s  s e r v e d  as t h e  c o n t r o l s .
Twenty p l a n t s  w e re  u s e d  f o r  eac h  t r e a t m e n t .
B) S e e d -b o rn e  T r a n s m is s io n s  T e s t s
Seeds from  H i l l ,  L ee ,  D a re ,  B ragg ,  Semmes and D av is  p l a n t s  t h a t  
h a d  b e e n  i n o c u l a t e d  i n  t h e  t r i f o l i a t e  l e a f  s t a g e  w i t h  BPMV and CPMV, 
r e s p e c t i v e l y ,  w e re  g e r m in a te d  i n  t h e  g r e e n h o u s e  d u r i n g  F e b r u a r y  and 
M arch a t  w h ich  t im e  t e m p e r a t u r e s  r a n g e d  f ro m  21 C to  32 C.. The 
s e e d l i n g s  w e re  grown to  t h e  s e c o n d  t r i f o l i a t e  s t a g e .  The number o f
s e e d l i n g s  show ing  symptoms w e re  r e c o r d e d  and  th e  p e r c e n t  i n f e c t i o n  
c a l c u l a t e d  on  th e  b a s i s  o f  t o t a l  g e r m i n a t i o n .
P h y s i c a l  P r o p e r t i e s
A) D i l u t i o n  E n d - p o i n t  (DEP)
One ml o f  u n d i l u t e d ,  i n f e c t i v e  BPMV and  CPMV s a p ,  r e s p e c t i v e l y ,  
was p u t  i n t o  a t e s t  tu b e  w i t h  9 m l o f  d i s t i l l e d  w a t e r .  N in e  ml o f  
d i s t i l l e d  w a t e r  w ere  p o u re d  i n t o  s i x  m ore t e s t  t u b e s .  One ml o f  t h e  
s a p  was p i p e t t e d  i n t o  one  tu b e  c o n t a i n i n g  9 ml w a t e r .  From t h i s
d i l u t e d  s a p  one  ml was p u t  i n t o  a n o t h e r  t e s t  tu b e  w i t h  9 ml o f  w a t e r .
0  AThe p r o c e d u r e  was r e p e a t e d  u n t i l  s a p  d i l u t i o n s  o f  10u -  10“ ° w ere  
m ade . The d i l u t i o n s  w e re  a s s a y e d  on G r e a t  N o r th e r n  b e a n s  f o r  
i n f e c t i v i t y .  DEP was r e p o r t e d  a t  t h e  d i l u t i o n  a t  w h ich  no l o c a l
l e s i o n s  w ere  p ro d u c e d  on G r e a t  N o r t h e r n .  Twelve p l a n t s  w e re  u s e d  to
a s s a y  e a c h  d i l u t i o n .
, B) T herm al I n a c t i v a t i o n  P o i n t  (TIP)
BPMV and CPMV i n f e c t i v e  p l a n t  s a p ,  r e s p e c t i v e l y ,  w ere  p u t
i n t o  c a p i l l a r y  t u b e s .  One end  o f  t h e  tu b e  was s e a l e d  by  h o l d i n g  o v e r
a f l a m e ,  and  t h e  o t h e r  end was i n s e r t e d  i n t o  a  s l i t  i n  a  c o r k .  F o u r  
tu b e s  o f  b o th  v i r u s e s ,  r e s p e c t i v e l y ,  w e re  p r e p a r e d  f o r  and  t e s t e d  a t  
60 , 7 0 ,  8 0 ,  and 90 C by  f l o a t i n g  them  i n  an  a g i t a t e d  w a t e r  b a t h  f o r  
t e n  m i n u t e s , Im m e d ia te ly  a f t e r  t r e a t m e n t  th e y  w e re  p l a c e d  i n  i c e  
w a t e r  w h e re  t h e y  re m a in e d  u n t i l  t h o r o u g h l y  c o o l e d .  The c o n t e n t s  o f  
e a c h  t u b e  was a s s a y e d  on  l o c a l  l e s i o n  h o s t s .
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C) L o n g e v i ty  i n  V i t r o  (LIV)
I n f e c t i v e  s a p  o f  BPMV and CPMV, r e s p e c t i v e l y ,  was s e a l e d  i n  
s m a l l  s t o p p e r e d  b o t t l e s  a t  2 0 -2 2  C. B e g in n in g  two days  a f t e r  s t o r a g e ,  
l o c a l  l e s i o n  i n d i c a t o r  p l a n t s  w e re  i n o c u l a t e d  w i t h  t h e  s a p  and 
i n c u b a t e d  i n  t h e  g r e e n h o u s e .
P u r i f i c a t i o n
A) P u r i f i c a t i o n  o f  BPMV
A m o d i f i c a t i o n  o f  B a n c r o f t ' s  (6 ) m e thod  w i t h  c h l o r o f o r m - b u t a n o l  
f o r  t h e  p u r i f i c a t i o n  o f  BPMV from  i n f e c t e d  s o y b e a n  p l a n t s  was u s e d .
A bout 5 0 0 -7 0 0  o f  s o y b e a n  l e a v e s  t h a t  had  b e e n  p r e v i o u s l y  f r o z e n ,  
w e re  thaw ed and  m a c e r a t e d  i n  a m e a t  g r i n d e r  to  w h ich  was added  3 .5  ml 
o f  50 p e r c e n t  K2 HPO4  p e r  100 grams t i s s u e .  The j u i c e  was s q u e e z e d  
th r o u g h  two t h i c k n e s s e s  o f  c h e e s e c l o t h  and  th e  r e m a in in g  f i b e r  was 
e x t r a c t e d  w i th  15 0 -2 0 0  m l o f  0 ,0 1  M pH 7 . 0  p h o s p h a te  b u f f e r .  Both  
e x t r a c t s  w e re  com bined  and  m ixed  w i t h  g e n t l e  s t i r r i n g  w i t h  e q u a l  
vo lum es o f  n - b u t a n o l  and  c h l o r o f o r m  (55) . The e m u ls io n  was b ro k e n  by  
low  s p e e d  c e n t r i f u g a t i o n  and t h e  s u p e r n a t a n t  s o l u t i o n  was s t o r e d  
o v e r n i g h t  a t  4 C. C l a r i f i c a t i o n  was c o m p le te d  by  c e n t r i f u g a t i o n  a t
1 0 .0 0 0  rpm f o r  10 m in u te s  i n  a  S o r v a l l  RC-2 r e f r i g e r a t e d  c e n t r i f u g e .
The s u p e r n a t a n t  s o l u t i o n  was t h e n  c e n t r i f u g e d  f o r  two h o u r s  a t  2 8 ,0 0 0  
rpm i n  t h e  n o .  30 r o t o r  o f  a  S p in c o  Model L p r e p a r a t i v e  u l t r a ­
c e n t r i f u g e .  The p e l l e t s  w e re  r e s u s p e n d e d  i n  0 .0 1  M pH 7 . 0  p h o s p h a te  
b u f f e r ,  c l a r i f i e d  b y  low sp e e d  c e n t r i f u g a t i o n  and c e n t r i f u g e d  a t
3 8 .0 0 0  rpm f o r  1 .5  h o u r s  i n  t h e  n o .  40 r o t o r  u s in g  t h e  S p inco  Model L 
u l t r a c e n t r i f u g e .  The p e l l e t s  w e r e  s u sp e n d e d  i n  5 -6  m l o f  0 .5  M pH 7 .0  
p h o s p h a t e  b u f f e r ,  d i a l y z e d  f o r  24 h o u r s  a t  4 C a g a i n s t  t h a t  b u f f e r ,
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c l a r i f i e d  and  r e s e d im e n te d  i n  t h e  n o .  40 r o t o r .  The p e l l e t s  a t  t h i s  
s t a g e  w e re  c o l o r l e s s  and  r e f r a c t e d  l i g h t  so as  t o  a p p e a r  c r y s t a l l i n e .  
The f i n a l  p e l l e t  was s u sp e n d e d  i n  0 . 2  M pH 7 . 0  p h o s p h a te  b u f f e r  and  
f r o z e n .
B) P u r i f i c a t i o n  o f  CPMV
The p u r i f i c a t i o n  o f  CPMV was a c c o m p l i s h e d  by  t h e  p o l y e t h y l e n e  
g l y c o l  m ethod  (28) d e s c r i b e d  by  Van Kammen ( 5 8 ) .  The p r im a r y  l e a v e s  
o f  cowpea s e e d l i n g s  w ere  i n o c u l a t e d  when f u l l y  e x p a n d e d ,  j u s t  b e f o r e  
t h e  s e c o n d a r y  l e a v e s  b e g a n  to  a p p e a r .  When t h e  symptoms a p p e a r e d  on 
t h e  t r i f o l i a t e s ,  t h e  b i f o l i a t e  and  t r i f o l i a t e  l e a v e s  w ere  h a r v e s t e d  
and  f r o z e n  u n t i l  u s e d  f o r  p u r i f i c a t i o n  o f  t h e  v i r u s .
F r o z e n  i n f e c t e d  l e a v e s  w e re  hom ogen ized  w i t h  an  e q u a l  amount 
o f  0 . 1  M p h o s p h a t e  b u f f e r  pH 7 . 0  i n  a  W aring  B le n d o r ,  The hom ogena te  
was p r e s s e d  th r o u g h  c h e e s e c l o t h  and  t h e  e x t r a c t  was c l a r i f i e d  by 
c e n t r i f u g a t i o n  a t  1 0 ,0 0 0  rpm f o r  15 m i n u t e s .  P o l y e t h e l e n e  g l y c o l  
6000 (PEG) was ad d ed  to  p ro d u c e  a  f i n a l  c o n c e n t r a t i o n  o f  4 p e r c e n t  
(w /v) and  enough  s a l t  t o  make i t  a  0 .2  M NaCl s o l u t i o n  was a d d e d .
The m i x t u r e  was s t i r r e d  a t  room t e m p e r a t u r e s  to  d i s s o l v e  t h e  PEG and  
N aC l.  A f t e r  one  h o u r  t h e  p r e c i p i t a t e  was c o l l e c t e d  by c e n t r i f u g a t i o n  
a t  1 0 ,0 0 0  rpm f o r  15 m in u te s  and t h e  p e l l e t s  w e re  r e s u s p e n d e d  i n  0 .0 1  M 
p h o s p h a te  b u f f e r  pH 7 . 0 .  T h is  s u s p e n s i o n  was c l a r i f i e d  by c e n t r i f u g a ­
t i o n  a t  1 0 ,0 0 0  rpm f o r  15 m i n u t e s .  I t  was f u r t h e r  p u r i f i e d  b y  two 
c y c l e s  o f  d i f f e r e n t i a l  c e n t r i f u g a t i o n  a t  3 0 ,0 0 0  rpm i n  t h e  no . 30 
r o t o r  o f  t h e  S p inco  Model L p r e p a r a t i v e  u l t r a c e n t r i f u g e  f o r  3 h o u r s  
t o  s e d im e n t  t h e  v i r u s  and a t  1 0 ,0 0 0  rpm f o r  15 m in u te s  i n  0 .0 1  M
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p h o s p h a te  b u f f e r  pH 7 .0  t o  c l a r i f y  t h e  v i r u s  s u s p e n s i o n .  F u r t h e r  
p u r i f i c a t i o n  was o b t a i n e d  by  d i f f e r e n t i a l  c e n t r i f u g a t i o n  a s  d e s c r i b e d  
a b o v e .
S e r o lo g y
A) P r o d u c t i o n  o f  A n t i s e r a
A n t is e ru m  to  BPMV and CPMV was p r e p a r e d  b y  i n t r a m u s c u l a r  
i n f e c t i o n s  ( 6 , 16) o f  p a r t i a l l y  p u r i f i e d  v i r u s  i n t o  a r a b b i t  p r e v i o u s l y  
b l e d  f o r  n o rm a l s e ru m . The a n t i g e n  f o r  i n t r a m u s c u l a r  i n j e c t i o n  was 
p r e p a r e d  by m ix in g  w i t h  a n  e q u a l  vo lum e o f  F r e u n d ' s  c o m p le te  a d j u v a n t .  
T h is  m i x t u r e  was t h o r o u g h l y  a g i t a t e d  f o r  10-15  m in u te s  i n  a S o r v a l  
O m ni-M ixer.  One m l o f  t h e  m i x t u r e  was i n j e c t e d  i n t o  e a c h  h i p  o f  t h e  
r a b b i t .  A n t ig e n  p r e p a r e d  f o r  f o o tp a d  i n j e c t i o n s  was p r e p a r e d  i n  t h e  
same m anner e x c e p t  t h a t  F r e u n d ' s  i n c o m p le t e  a d j u v a n t  was u s e d .  One- 
q u a r t e r  ml o f  t h i s  m i x tu r e .w a s  i n j e c t e d  i n t e r d e r m a l l y  i n  e a c h  f o o t p a d .  
At t h e  end o f  a  3 -w eek  p e r i o d  se rum  was o b t a i n e d .  A l l  se rum  was 
m ix ed  w i t h  a n  e q u a l  vo lum e o f  g l y c e r o l  th e n  f r o z e n .
B) A gar D i f f u s i o n  T e s t s
The O u c h te r lo n y  (3 6 ,  37) a g a r  g e l  d i f f u s i o n  m ethod  was u s e d  to  
t e s t  t h e  r e a c t i o n s  o f  BPMV and  CPMV, r e s p e c t i v e l y ,  t o  s e v e r a l  a n t i s e r a  
i n c l u d i n g  t h a t  p ro d u c e d  i n  t h i s  s t u d y .  A n t i s e r a  to  BPMV w ere  o b t a i n e d  
from  t h e  f o l l o w i n g  s o u r c e s :  D r. J .  B. B a n c r o f t ,  Pu rdue  U n i v e r s i t y ,
D r. J .  P . R o ss ,  N o r th  C a r o l i n a  A r i c u l t u r a l  E x p e r im e n t  S t a t i o n ,  and 
D r. H. J .  W a l t e r s ,  U n i v e r s i t y  o f  A r k a n s a s .  Dr. J .  P, Ross a l s o  
s u p p l i e d  BPMV a n t i g e n .  A n t is e ru m  to  CPMV was o b t a i n e d  from  D r. R, J .  
S h e p h e rd ,  U n i v e r s i t y  o f  C a l i f o r n i a ,  D av is
Twelve and  o n e - h a l f  ml o f  0 .8 5  I o n  Agar No. 2 ( C o n s o l id a t e d  
L a b o r a t o r i e s ,  C h icag o  H e i g h t s ,  1 1 1 . )  c o n t a i n i n g  0 .4  p e r c e n t  sod ium  
a z i d e  w e re  p o u re d  i n t o  eac h  s t a n d a r d  n i n e  cm p l a s t i c  p e t r i  d i s h e s .
F iv e  w e l l  p a t t e r n s  w e re  u s e d  i n  t h i s  t e s t .  One p a t t e r n  had  a  c e n t e r  
w e l l  and e i g h t  p e r i p h e r a l  w e l l s  s e v e n  mm from  t h e  ed g e  o f  t h e  c e n t e r  
w e l l .  A n o th e r  p a t t e r n  c o n s i s t e d  o f  a  c e n t e r  w e l l  s u r r o u n d e d  by  f o u r  
e q u a l l y  s p a c e d  p e r i p h e r a l  w e l l s  o f  t h e  same s i z e  and  s p a c i n g  a s  t h e  
f i r s t  p a t t e r n .  A p a t t e r n  was f o u r  e q u a l l y  s p a c e d  w e l l s  s e v e n  mm i n  
d i a m e t e r  w i t h  no c e n t e r  w e l l .  A f o u r t h  w e l l  p a t t e r n  c o n s i s t e d  o f  f o u r  
w e l l s  s e v e n  mm i n  d i a m e t e r  and  s e v e n  mm a p a r t  i n  a  l i n e a r  f a s h i o n .
T h ree  w e l l s  o f  t h e  same s i z e  w e re  p l a c e d  on  e i t h e r  s i d e  o f  t h e  f o u r  
w e l l s ,  one  b e tw e e n  e a c h  two c e n t e r  w e l l s .  A l l  w e l l s  h e l d  a p p r o x im a te ly  
0 . 2  m l .  D u r in g  f o r m a t i o n  o f  p r e c i p i t i n  z o n e s ,  th e  d i f f u s i o n  p l a t e s  
w e re  k e p t  a t  room t e m p e r a t u r e s  i n  a  m o i s t u r e  ch a m b e r .  Zones w e re  
m o s t  e a s i l y  o b s e r v e d  w i t h  h o r i z o n t a l  i l l u m i n a t i o n  a g a i n s t  a b l a c k  
b a c k g r o u n d .
E le c t r o n m ic r o s c o p y
A) E l e c t r o n m ic r o s c o p y  o f  BPMV
A p a r t i a l l y  p u r i f i e d  p r e p a r a t i o n  o f  BPMV was p r e p a r e d  f o r  
o b s e r v a t i o n  w i t h  t h e  e l e c t r o n  m ic r o s c o p e  by a  m o d i f i c a t i o n  o f  t h e  
m e thod  o f  Sem ancik  and  B a n c r o f t  ( 4 8 ) ,  who exam ined  t h e  f r a c t i o n a t e d  
com ponen ts  o f  BPMV. The f r a c t i o n a t e d  com ponen ts  w e re  d i a l y z e d  a g a i n s t  
0 .0 1  M ammonium a c e t a t e .  H owever, f o r  t h i s  s t u d y ,  t h e  p a r t i a l l y  
p u r i f i e d  v i r u s  p r e p a r a t i o n  was d i a l y z e d  a g a i n s t  0 .0 1  M pH 7 .0  p h o s p h a te  
b u f f e r .  The v i r u s  p r e p a r a t i o n  was th e n  m ix ed  w i th  2 p e r c e n t  u r a n y l  
a c e t a t e  i n  a  r a t i o  o f  one  p a r t  v i r u s  to  two p a r t s  s t a i n .  A f t e r  a
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t h r e e  t o  s i x  h o u r  s t a i n i n g  p e r i o d ,  a dr. p o f  t h e  v i r u s - s t a i n  m i x t u r e  
was p u t  on  a  c a r b o n - c o a t e d  g r i d .  The e x c e s s  m i x tu r e  was draw n o f f  by- 
t o u c h in g  to  f i l t e r  p a p e r ,  and  r i n s e d  by d i p p i n g  i n  d i s t i l l e d  w a te r  
5 -1 0  t i m e s .  The g r i d s  w e re  v ie w e d  o n  a i t a c h i  Model HU-11A e l e c t r o n  
m i c r o s c o p e .
B) E l e c t r o n m ic r o s c o p y  o f  CPMV
A p a r t i a l l y  p u r i f i e d  p r e p a r a t i o n  o f  CPMV was d i a l y z e d  i n  th e  
m anner  d e s c r i b e d  f o r  BPMV and  n e g a t i v e l y  s t a i n e d  a c c o r d i n g  to  t h e  
m e thod  o f  S h ep h erd  ( 5 1 ) .  A s m a l l  p o r t i o n  o f  t h e  v i r u s  was m ixed  w i th  
a n  e q u a l  vo lum e o f  2 p e r c e n t  p h o s p h o t u n g s t a t e  i n  25 p e r c e n t  e t h a n o l .
The m i x t u r e  was p u t  on c a r b o n - c o a t e d  g r i d s  as  p r e v i o u s l y  d e s c r i b e d .
The m a t e r i a l  was exam ined  on  t h e  H i t a c h i  Model HU-11A e l e c t r o n  
m i c r o s c o p e .
EXPERIMENTAL RESULTS
S ym ptom ato logy  and H o st  Range 
„ . BPMV p ro d u c e d  l o c a l  l e s i o n s  on some b e a n  v a r i e t i e s  and s y s t e m ic  
m o t t l e  on  o t h e r s .  The l o c a l  l e s i o n s  ( P l a t e  2) on P i n t o  and  G re a t  
N o r th e r n  ( P l a t e  1) w e re  somewhat c i r c u l a r  and  a p p e a r e d  two to  f o u r  
days a f t e r  i n o c u l a t i o n .  They w e re  l i g h t  brow n, a p p e a re d  t o  be  
s u b e p id e r m a l  and w e re  1 - 2 .5  mm i n  d i a m e t e r  w i t h  an  a v e r a g e  o f  two mm.
The s i z e  o f  th e  l e s i o n s  d epended  on t h e  age  o f  t h e  l e a f  i n o c u l a t e d  
and t h e  number o f  l e s i o n s  p e r  u n i t  a r e a .  Few er and s m a l l e r  l o c a l  
l e s i o n s  w e re  p ro d u c e d  on  th e  o l d e r  l e a v e s .  On some h o s t s  v e r y  s m a l l  
" p i n p o i n t "  l o c a l  l e s i o n s  w e re  p ro d u c e d  on l e a v e s  i n o c u l a t e d  w i t h  BPMV. 
Soybean (G, max) , beggarw eed  (Desmodium s p p . ) .  s c a r l e t  r u n n e r  
( P h a s e o lu s  c o c c i n e u s ) ,  s i c k l e p o d  ( C a s s i a  o b t u s i f o l i a ) and  v a r i o u s  
s p e c i e s  o f  th e  genus P h a s e o lu s  w e re  i n o c u l a t e d  w i th  BPMV. A s y s t e m i c  
m o t t l e  was p ro d u c e d  i n  t h e  new g ro w th  t e r m i n a l  to  t h e  i n o c u l a t e d  
l e a v e s .  On s o y b e a n ,  v e i n - c l e a r i n g  and  m i ld  m o t t l e  ( P l a t e  6 ) on t h e  
f i r s t  t r i f o l i a t e  w e re  t h e  f i r s t  n o t i c e a b l e  symptoms w h ich  f a d e d  w i t h i n  
a  week o r  two d e p e n d in g  on  t h e  t e m p e r a t u r e  a t  w h ich  t h e  p l a n t s  w e re  
grow n. L a t e r  a  s e v e r e  m o t t l e  was e v i d e n t  on t h e  s u c c e e d in g  t r i f o l i a t e s ,  
f o l lo w e d  by b l i s t e r i n g ,  p u c k e r i n g  and  c h l o r o s i s .  BPMV i n f e c t e d  p l a n t s  
w e re  s l i g h t l y  to  s e v e r e l y  s t u n t e d  d e p e n d in g  on t h e  v a r i e t y .  However, 
i n  no c a s e  was th e  v i r u s  o b s e r v e d  to  c a u s e  n e c r o s i s .  The r e s u l t s  o f  
t h e  BPMV h o s t  r a n g e  a r e  g iv e n  i n  T a b le  1.
CPMV p ro d u c e d  n e c r o t i c  l o c a l  l e s i o n s  on  P . v u l g a r i s  v a r .  P in to  
and  G r e a t  N o r th e r n  ( P l a t e s  3 ,  4 )  and s y s t e m i c  symptoms on V igna s p p .
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and G. max (T a b le  1 ) .  On s o y b e a n s  CPMV p ro d u c e d  s e v e r e  m o sa ic  and 
n e c r o t i c  s p o t t i n g  ( P l a t e  7 ) .  The l e a f l e t s  o f  t h e  f i r s t  t r i f o l i a t e  
h a d  s h o r t e n e d  p e t i o l e s  and w e re  s e v e r e l y  s t u n t e d  a s  was t h e  e n t i r e  
p l a n t .  On E a r l y  Ramshorn cow peas (V. s i n e n s i s ) t h e  f i r s t  symptoms 
w ere  f a i n t  l o c a l  l e s i o n s  w h ich  w e re  v i s i b l e  on t h e  i n o c u l a t e d  l e a v e s  
( P l a t e  5) and w h ic h  l a t e r  became d a rk e n e d  and  n e c r o t i c .  V e i n - c l e a r i n g  
was e v i d e n t  on t h e  f i r s t  t r i f o l i a t e ,  f o l l o w e d  by a  m o t t l i n g .  The f i r s t  
and s u b s e q u e n t  t r i f o l i a t e s  d e v e lo p e d  s e v e r e  m o sa ic  w h ich  c o n s i s t e d  o f  
a l t e r n a t e  i r r e g u l a r  p a t c h e s  o f  l i g h t  and d a r k  g r e e n  t i s s u e  ( P l a t e  9 ) .  
The ed g es  o f  t h e  l e a f l e t s  w e re  f o l d e d  down i n  a convex c u p - s h a p e  v e r y  
s i m i l a r  to  t h a t  d e s c r i b e d  by  McLean ( 3 4 ) .
E n v i ro n m e n ta l  E f f e c t s
When p l a n t s  t h a t  h a d  b e e n  i n o c u l a t e d  w i th  BPMV and CPMV, 
r e s p e c t i v e l y ,  w e re  p l a c e d  i n  g ro w th  cham bers  a t  2 0 ,  25 , 30 , 35 and 
40 C, t h e  t im e  o f  a p p e a r a n c e  o f  and i n t e n s i t y  o f  symptoms v a r i e d  
d e p e n d in g  a t  w h a t t e m p e r a t u r e  t h e y  w ere  i n c u b a t e d .  D a i l y  o b s e r v a t i o n s  
w e re  made f o l l o w i n g  t h e  a p p e a r a n c e  o f  t h e  f i r s t  t r i f o l i a t e  f o r  a 
p e r i o d  o f  1 0  d a y s .
P l a n t s  i n  t h e  20 C cham b er  grew s l o w l y .  T r i f o l i a t e  l e a v e s  
o f  t h e  c o n t r o l s  w e re  u s u a l l y  f u l l y  expanded  w i t h i n  two days a f t e r  
t h e  l a t e r a l  l e a v e s  had  r e a c h e d  f u l l  s i z e .  At 20 C, h o w ev e r ,  t h e  f i r s t  
t r i f o l i a t e  l e a v e s  o f  i n f e c t e d  p l a n t s  had o n l y  begun  to  em erge and 
w e re  f u l l y  expanded  f i v e  days  l a t e r .  O b s e r v a t io n s  w ere  th e n  made 
d a i l y .  On t h e  BPMV i n f e c t e d  p l a n t s  v e i n - c l e a r i n g  was th e  f i r s t  
n o t i c e a b l e  symptom f o l lo w e d  by  a  s e v e r e  c h l o r o t i c  m o t t l e  on t h e  f i r s t  
t r i f o l i a t e .  S u b se q u e n t  t r i f o l i a t e s  d e v e lo p e d  th e  m o t t l i n g  f o l lo w e d  b y
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s e v e r e  p u c k e r i n g  and  b l i s t e r i n g  o f  t h e  l e a f l e t s .  The CPMV i n o c u l a t e d  
p l a n t s  a l s o  showed v e i n - c l e a r i n g .  T h is  was f o l lo w e d  by  a  s l i g h t  
m o t t l i n g  and f o r m a t i o n  o f  i r r e g u l a r  p a t c h e s  o f  l i g h t e r  g r e e n  
a l t e r n a t i n g  w i th  t h e  n o rm a l  g r e e n  i n  t h e  l e a f l e t s . S t u n t i n g  o f  t h e  
p l a n t s  was a c c o m p an ied  b y  a  s e v e r e  m o s a ic .
At 25 C v e i n - c l e a r i n g  was v i s i b l e  i n  t h e  f i r s t  t r i f o l i a t e s  o f  
BPMV and  CPMV i n o c u l a t e d  p l a n t s  t h r e e  days  a f t e r  i n o c u l a t i o n .  F iv e  
days  f o l l o w i n g  i n o c u l a t i o n ,  a s l i g h t  m o sa ic  p a t t e r n  was o b s e r v e d  on 
t h e  CPMV i n f e c t e d  p l a n t s .  The BPMV i n f e c t e d  p l a n t s  showed o n l y  a 
s l i g h t  m o t t l e  a t  t h e  end  o f  t h e  f i v e  day  p e r i o d .  At 10 days  t h e  
BPMV symptoms had  b e g u n  to  f a d e .
The p l a n t s  i n  t h e  30 C g ro w th  cham ber had  more i n t e n s e  
e x p r e s s i o n  th a n  t h o s e  a t  t h e  p r e v i o u s  two t e m p e r a t u r e s .  T h re e  days  
a f t e r  i n o c u l a t i o n ,  v e i n - c l e a r i n g  o c c u r r e d  on t h e  f i r s t  t r i f o l i a t e s  o f  
CPMV i n f e c t e d  p l a n t s .  A m i ld  m o s a ic  was o b s e r v e d  w h ich  becam e m ore 
s e v e r e  by  t h e  s i x t h  d a y .  A t t h e  end o f  t h e  t e n  day  p e r i o d ,  t h e  
s e v e r i t y  o f  t h e  symptoms h ad  n o t  i n c r e a s e d  on  t h e  CPMV i n f e c t e d  p l a n t s .  
D u r in g  t h e  same t im e  i n t e r v a l  BPMV p ro d u c e d  a  v e i n - c l e a r i n g  and  a  m i ld  
m o t t l e  on t h e  f i r s t  t r i f o l i a t e s .  The m o t t l i n g  became m ore  s e v e r e  
u n t i l  t h e  s i x t h  day  when f a d i n g  became e v i d e n t .
A t 35 C symptom e x p r e s s i o n  o f  BPMV was r e t a r d e d  u n t i l  s i x  
d ay s  f o l l o w i n g  i n o c u l a t i o n  when a  s l i g h t  m o t t l e  and c h l o r o t i c  
s p o t t i n g  a p p e a r e d  on t h e  f i r s t  t r i f o l i a t e s .  The s e v e r i t y  o f  t h e  
m o t t l i n g  and  c h l o r o s i s  d id  n o t  i n c r e a s e  by t h e  end  o f  t h e  t e n  day  
p e r i o d  when symptoms h a d  a l m o s t  f a d e d .  The CPMV i n f e c t e d  p l a n t s  
showed v e i n - c l e a r i n g  and  m i ld  m o s a ic  cymptoms on  t h e  f i r s t  t r i f o l i a t e s
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f o u r  days  f o l l o w i n g  i n o c u l a t i o n .  No f u r t h e r  change  was n o te d  i n  t h e  
symptoms b y  t h e  t e n t h  d a y .
T h e re  was c o m p le te  s u p r e s s i o n  o f  symptoms on  t h e  p l a n t s  i n  
t h e  40 C g ro w th  cham ber f o r  t h e  e n t i r e  t e n  day  p e r i o d .
T r a n s m i s s i o n  S t u d i e s
A) I n s e c t  T r a n s m is s io n
The r e s u l t s  o f  i n s e c t  t r a n s m i s s i o n  t e s t s  showed t h a t  t h e  b e a n  
l e a f  b e e t l e  (C. t r i f u r c a t a )  was a  v e c t o r  f o r  BPMV and CPMV (T a b le  2 ) .  
BPMV was t r a n s m i t t e d  i n  s i x  o f  20 a t t e m p t s  o r  w i t h  30 p e r c e n t  
e f f i c i e n c y  by  t h e  b e a n  l e a f  b e e t l e s .  CPMV was t r a n s m i t t e d  i n  two o f  
2 0  a t t e m p t s  o r  w i t h  1 0  p e r c e n t  e f f i c i e n c y  by  t h e  b e a n  l e a f  b e e t l e .  
A t te m p ts  to  t r a n s m i t  BPMV and CPMV w i t h  Myzus p e r s i c a e  ( g r e e n  p eac h  
a p h id )  w e re  u n s u c c e s s f u l .
B) Seed T r a n s m i s s i o n
Of 500 s e e d s  f ro m  BPMV and CPMV i n f e c t e d  s o y b e a n s ,  t h e r e  was 
a  g r e a t e r  amount o f  g e r m i n a t i o n  o f  t h e  s e e d s  from  t h e  CPMV i n f e c t e d  
p l a n t s  t h a n  s e e d s  f ro m  t h o s e  p l a n t s  i n f e c t e d  w i t h  BPMV. C la y  and 
E a r l y  Ramshorn cow peas f o r  CPMV i n f e c t e d  p l a n t s  a l s o  showed good 
g e r m i n a t i o n .  However, no s e e d  t r a n s m i s s i o n  o f  e i t h e r  t h e  BPMV o r  t h e  
CPMV so y b e a n s  o r  cow peas was o b s e r v e d .  Sap f ro m  p l a n t s  s u s p e c t e d  o f  
h a v in g  a s e e d - b o r n e  v i r u s  f a i l e d  t o  show l o c a l  l e s i o n s  on t h e i r  
r e s p e c t i v e  i n d i c a t o r  p l a n t s .
P h y s i c a l  P r o p e r t i e s
The maximum d i l u t i o n  o f  BPMV and  CPMV fro m  i n f e c t i v e  l e a f  
e x t r a c t  was 10“ ^ ( T a b le  3 ) .  T h erm al i n a c t i v a t i o n  f o r  b o t h  BPMV and
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CPMV was be tw een  60 C and 70 C (T ab le  4 ) .  L o n g e v i ty  i n  v i t r o  a t  22 C 
f o r  i n f e c t i o n  w i t h  BPMV and  CPMV was fo u r  days  b u t  none  a t  s i x  d a y s .
P u r i f i c a t i o n
P u r i f i c a t i o n  o f  BPMV a c c o r d in g  t o  t h e  m ethod o f  B a n c ro f t  ( 6 ) 
y i e l d e d  s m a l l e r  am ounts o f  v i r u s  th a n  t h a t  r e p o r t e d  b y  h im . The 
h i g h e s t  y i e l d  f o r  BPMV o b ta in e d  from  a p p r o x im a te ly  700 grams o f  
so y b ean  t i s s u e  was 0 .6 4  mg v i r u s / m l ,  = 1 .4 9 ,  A 2 ^ -  = 1 .2 2 .2 6 U rain
F ig u r e  1 shows t h e  a b s o r p t i o n  s p e c t ru m  f o r  BPMV w h ich  i s  t y p i c a l  f o r
n u c l e o p r o t e i n s . The a b s o r p t i o n  maxima and m inim a w ere  n e a r  260 and
240 mu, r e s p e c t i v e l y .
CPMV y i e l d e d  1 .7  mg v i r u s / m l  f o r  500 grams o f  cowpea t i s s u e .
F ig u r e  2 shows t h e  t y p i c a l  n u c l e o p r o t e i n  a b s o r p t i o n  s p e c tru m  f o r  CPMV
a f t e r  f o u r  c y c l e s  o f  d i f f e r e n t i a l  c e n t r i f u g a t i o n .  The a b s o r p t i o n
Omaxima and minima w ere 250 and 265 , r e s p e c t i v e l y ,  = 1 .1 1 ,  and
.max .
^min 1 .4 0 .
S e ro lo g y
P l a t e s  10 , 11, 12 show t h e  r e s u l t s  o f  t h e  a g a r - d i f f u s i o n  t e s t s .  
When t h e  BPMV a n t i s e r u m  was t e s t e d  a g a i n s t  i t s  homologous a n t i g e n  and  
a g a i n s t  th e  N o r th  C a r o l i n a  i s o l a t e  a n t i s e r u m  d i f f u s i o n  zones  w ere  
form ed ( P l a t e  1 0 ) .  P l a t e  11 shows th e  a g a r  g e l - d i f f u s i o n  t e s t  
com paring  th e  f o u r  BPMV to  L o u i s i a n a  and  N o r th  C a r o l i n a  i s o l a t e  a n t i g e n .  
The N o r th  C a r o l i n a  a n t i g e n  r e a c t e d  w i t h  b o th  i t s  homologous a n t i s e r u m  
and  th e  a n t i s e r u m  to  t h e  L o u i s i a n a  i s o l a t e .  The A rk an sas  and th e  
I n d i a n a  i s o l a t e s ,  how ever ,  ( P l a t e  11, A, D) p ro d u ced  no r e a c t i o n  to  
th e  a n t i g e n .
T e s t s  co m p ar in g  th e  CPMV a n t i g e n  t o  i t s  hom ologous  a n t i s e r u m  
and  t o  t h e  a n t i s e r u m  from  t h e  C a l i f o r n i a  i s o l a t e  o f  CPMV f a i l e d  to  
show a  r e a c t i o n .  T h is  was p r o b a b ly  due  to  t h e  low t i t e r  i n  t h e  CPMV 
p r e p a r a t i o n .  H owever, when c l a r i f i e d ,  i n f e c t i v e  s a p  was u s e d ,  a 
p r e c i p i t a t i o n  r e a c t i o n  o c c u r r e d  b e tw e e n  t h e  i n f e c t i v e  s a p  and  t h e  two 
a n t i s e r a  ( L o u i s i a n a  and C a l i f o r n i a  i s o l a t e s )  a s  shown i n  P l a t e  1 2 .
I n  a l l  a g a r  g e l - d i f f u s i o n  t e s t s  u s e d  i n  t h i s  s t u d y ,  n o rm a l  se ru m  to  
eac h  a n t i s e r u m  was u se d  as  a  c o n t r o l .
V a r i e t a l  R esponse
I n  b o th  t h e  1969 and  1970 f i e l d  t e s t s  w i t h  s i x  v a r i e t i e s  o f  
s o y b e a n s  i n f e c t e d  w i t h  BPMV, t h e  y i e l d s  w e re  n o t  s i g n i f i c a n t l y  l e s s  
t h a n  t h o s e  from  t h e  c o n t r o l s  (T a b le  5 ) .  A n a ly s i s  o f  v a r i a n c e  r e v e a l e d  
no s i g n i f i c a n t  d i f f e r e n c e s  b e tw e e n  BPMV i n f e c t e d  and  c o n t r o l  p l a n t s ,  
and  no s i g n i f i c a n t  i n t e r a c t i o n  b e tw e e n  v a r i e t i e s  and  v i r u s .
H owever, t h e r e  w ere  s i g n i f i c a n t  d i f f e r e n c e s  b e tw ee n  t h e  y i e l d s  
o f .  t h e  CPMV i n o c u l a t e d  v a r i e t i e s  and  t h e  c o r r e s p o n d i n g  c o n t r o l  p l a n t s  
a t  t h e  1 and  5 p e r c e n t  l e v e l s  o f  L .S .D .  H i l l  was t h e  o n ly  v a r i e t y  
i n  w h ic h  t h e  d i f f e r e n c e s  b e tw e e n  t h e  a v e r a g e  mean y i e l d s  o f  s o y b e a n s  
f rom  i n f e c t e d  p l a n t s  and c o n t r o l s  w e re  n o t  s i g n i f i c a n t  a t  t h e  1 and 5 
p e r c e n t  l e v e l s . Of t h e  r e m a in in g  f o u r  v a r i e t i e s  a v e r a g e  y i e l d s  o f  
i n o c u l a t e d  p l a n t s  w e re  s i g n i f i c a n t l y  lo w e r  th a n  t h o s e  o f  t h e  c o n t r o l s  
(T a b le  6 ) .
I n  g re e n h o u s e  t e s t s  BPMV re d u c e d  t h e  y i e l d s  o f  L ee ,  H i l l ,  D a re ,  
and  Semmes w h ich  w e re  s i g n i f i c a n t l y  lo w e r  th a n  t h e  y i e l d s  o f  s i m i l a r  
h e a l t h y  p l a n t s .  The two v a r i e t i e s ,  B ragg and D av is  w e re  a p p a r e n t l y
r e s i s t a n t  t o  BPMV s i n c e  t h e  y i e l d s  o f  n e i t h e r  v a r i e t y  w ere  s i g n i f i ­
c a n t l y  lo w er  th a n  t h e  y i e l d s  o f  t h e  h e a l t h y  c o n t r o l s  (T a b le  7 ) .
I n  t h e  g r e e n h o u s e  t h e  y i e l d s  o f  a l l  v a r i e t i e s  w e re  s i g n i f i ­
c a n t l y  r e d u c e d  to  t h e  1  p e r c e n t  l e v e l  when th e y  w e re  i n o c u l a t e d  w i th  
CPMV. CPMV p ro d u c e d  a  p r o f o u n d ly  s e v e r e  e f f e c t  on t h e s e  v a r i e t i e s  
a s  shown i n  T a b le  8 .
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T a b le  1 . .  P l a n t s  i n o c u l a t e d  w i t h  BPMV and CPMV, r e s p e c t i v e l y ,  and 
t h e i r  r e a c t i o n s  to  them .
P l a n t  S p e c ie s
Tvpe o f  
BPMV
R e a c t io n ^
CPMV
A l b i z i a  j u l i b r i s s i n  D u ra z z in  (Mimosa) - -
A pios  a m e r ic a n a  M edicus - -
A r a c h i s  h y p o g a e a  L. (P e a n u t) - -
C apsicum  annuum L. ( B e l l  P e p p e r ,  Y olo  Wonder) - -
C a s s i a  o b t u s i f o l i a  L. ( S ic k l e p o d ) S -
C a s s i a  m a r i l a n d i c a  (W ild  Senna) - -
C e n tro se m a  a m e r ic a n a  Bentham ( B u t t e r f l y  Pea) s -
C e r c i s  c a n a d e n s i s  L. (Redbud) - -
Chenopodium a m a r a n t i c o l o r  C o s te  & Reyn, (P igw eed) - LL
Chenopodium q u in o a  (P igw eed) - LL
C l i t o r i a  m a r i a n a  L . ( B u t t e r f l y  P ea) - -
C r o t a l a r i a  s p p .  ( R a t t l e b o x ) - -
Cucumis melo L. (Muskmelon) - -
Cucumis s a t i v u s  L. (Cumcumber, NPC) - -
C u c u r b i t a  pepo L. ( L i t t l e  S u g a r  Pumpkin) - -
C. pepo L . v a r .  m e lopepo  A l e f .  (S q u ash ) - -
D a tu r a  s t ram o n iu m  L. (J im son  w eed) - -
Desmodium c a n a d e n s e  L. (B eggarw eed )^ s -
D. l a e v ig a t u m  L. (Beggarweed)-'- s -
D. p a n i c u l a t u m  L. (Beggarw eed) s -
1 H o st  n o t  p r e v i o u s l y  r e p o r t e d .
^ S ,  s y s t e m i c  symptoms, LL, l o c a l  l e s i o n s
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T able 1* (C ontinu ed )
P l a n t  S p e c i e s
Type o f  
BPMV
R e a c t io n '
CPMV
Gomphrena g lo b o s a  L. (G lobe A m aran th) - -
G l e d i t s i a  t r i a c a n t h o s  L . (H o n e v lo c u s t ) - -
G ly c in e  max ( L . ) M e r r .  (S oy b ean )
V a r . B ragg S S
v a r . D a re s s
v a r . D av is s s
v a r .  H i l l s s
v a r .  Lee s
r
s
v a r .  Semmes s s
H e l i a n t h o s  annus  L. (S u n f lo w e r ) - -
L u p in e  m u t a b i l i s  L. (Sw eet L u p in e ) - -
L a th y r u s  o d o r a t u s  L. (Sw eet P ea) - -
L y c o p e r s i c o n  e s c u le n tu m  M i l l . (Tom ato , v a r .  C r e o l e ) - -
M edicago s a t i v u m  L. ( A l f a l f a ) s -
N i c o t i a n a  g l u t i n o s a  L. - -
N. tabacum  L.
. v a r . H avana 425 - -
v a r .  N .C . 95 - -
P h a s e o lu s  v u l g a r i s  L.
v a r .  B o u n t i f u l  Bush LL LL
v a r .  Common Bush Bean - -
2
S , s y s te m ic  sym ptom s, LL, l o c a l  l e s io n s
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T able 1 . (C ontinued)
Type o f  R e a c t i o n ^
P l a n t  S p e c ie s  BPMV CPMV
P h a s e o lu s  v u l g a r i s  L.
v a r .  C o n te n d e r  Bush Bean LL -
v a r .  G r e a t  N o r th e r n LL LL
v a r .  G re e n - s e e d e d  H en d e rso n - LL
v a r .  H a r v e s t e r  Bush Bean LL -
v a r .  J a c k s o n  Wonder - LL
v a r .  K en tucky  Wonder Wax P o le  Bean LL ■ LL
v a r . P i n t o LL . LL
P h a s e o lu s  c o c c in e u s  L . ( S c a r l e t  R unner) S -
v a r . A lbonanus  (W hite  Bean) - -
P h a s e o lu s  l u n a t u s  L.
v a r .  H enderson  Bush Lima - LL
v a r .  W illow  L e a f  P o le  L in a - LL
v a r .  S ie v a  Bean - LL
P h y s a l i s  s p p .  L. (G round C h e rry ) - -
P isum  s a t iv u m  L.
v a r .  A rv en se  ( A u s t r i a n  W in te r  Pea) - -
v a r .  L a i t o n i a n  E n g l i s h  Pea -
P u e r a r i a  t h u n b e r g i a n a  ( S ie b o ld  & Z u c c .)  Bentham
(K udzu)1 - -
S e s b a n ia  e x a l t a  ( R a f . )  Cory (Teaweed) -  . -
o
S, s y s te m ic  sym ptom s, LL, l o c a l  l e s io n s
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T able 1 . (C ontinu ed )
P l a n t  S p e c ie s
Type o f  
BPMV
R e a c t io n ^
CPMV
Sorghum v u l g a r e  P a r s .  (Sorghum) - -
T r i f o l i u m  h y d r id u m  L. ( A l s i k e  C lo v e r ) -
T r i f o l i u m  in c a r n a tu m  L, (C rim son  C lo v e r ) - -
T r i f o l i u m  p r a t e n s e  L. (Red C lo v e r ) - -
T r i f o l i u m  r e p e n s  L. (L a . W hite  C lo v e r ) - -
V i c i a  a n g u s t i f o l i a  R e ic h a rd  (N arrow  L e a f  V e tch ) - -
V i c i a  f a b a  L. (Broad Bean) - -
V i c i a  s a t i v a  L. (Common V e tch ) - -
V i c i a  v i l l o s e  R o th .  (H a i ry  V e tch ) - -
V igna  s e s q u i p e d a l i s  L. (Yard Long Bean) - LL
V igna  s i n e n s i s  T o rn e r  v a r .  E a r l y  Ramshorn (Cowpea) - S,LL
v a r .  C la y - S,LL
v a r . Monarch - S
v a r .  S i l v e r  S k in  Crow der - -
2
S, s y s t e m i c  sym ptom s, LL, l o c a l  l e s i o n s
/
37
T a b le  2 .  I n s e c t  t r a n s m i s s i o n  o f  BPMV and  CPMV, r e s p e c t i v e l y ,  i n  t h e  
g r e e n h o u s e . 1
V e c to r
No. i n s e c t s  
t e s  t e d
No. p l a n t s  
i n f e c t e d
P e r c e n t a g e
I n f e c t i o n
BPMV CPMV BPMV CPMV BPMV CPMV
C. t r i f u r c a t a 2 0 2 0 6 2 30 1 0
M. p e r s i c a e 2 0 2 0 0 0 0 0
One i n s e c t  p e r  p l a n t .
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T a b le  3 .  The d i l u t i o n  e n d - p o i n t  o f  BPMV and CPMV from  i n f e c t e d  l e a f  
e x t r a c t s ,
Number o f  p l a n t s  Number o f  p l a n t s
D i l u t i o n  . i n o c u l a t e d  i n f e c t e d
BPMV CPMV BPMV CPMV
C o n t r o l 1 2 1 2 1 2 1 2
1 : 1 12 1 2 1 2 1 2
1 : 1 0 12 1 2 1 2  ’ 1 2
1 : 1 0 0 12 1 2 1 2 1 2
1 : 1 , 0 0 0 1 2 1 2 1 2  , 1 2
1 : 1 0 , 0 0 0 1 2 1 2 1 0 1
1 : 1 0 0 , 0 0 0  - 1 2 1 2 0 0
1 : 1 , 0 0 0 , 0 0 0 12 1 2 0 0
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T a b le  4 .  The th e rm a l  i n a c t i v a t i o n  o f  BPMV and CPMV from  i n f e c t e d  
l e a f  e x t r a c t s .
T e m p e ra tu re  (d e g re e s  
C e n t ,  f o r  10 m in . )
Number o f  p l a n t s  
i n o c u l a t e d
Number o f  p l a n t s  
i n f e c t e d
BPMV CPMV BPMV CPMV
C o n t r o l 1 2 1 2 1 2 1 2
60 1 2 1 2 1 2 1 2
70 0 0 0 0
75 0 0 0 0
80 0 0 0 0
90 0 0 0 0
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T a b le  S .  The a v e r a g e  mean y i e l d s  i n  pounds o f  so y b ean s  from  h e a l t h y  
and  BEMV i n o c u l a t e d  p l a n t s  grown i n  t h e  f i e l d .
V a r i e t y
C o n t r o l  p l a n t s BPMV i n f e c t e d  p l a n t s D i f f e r e n c e
1969 1970 1969 1970 1969 1970
H i l l 6 .4 8 6 . 0 0 5 .1 0 • 7 .0 0 1 .3 8 1 . 0 0
D are 7 . 9 2 8 . 0 0 6 .9 2 7 .2 0 1 . 0 0 1 .S0
D avis 9 .7 0 1 0 . 0 0 8 .5 0 10 .30 1 . 2 0 0 .3 0
Lee 7 .7 8 . 4 .8 0 7 .6 0 4 .1 0 0 .1 8 0 .6 0
Bragg 8 .5 5 5 .9 0 8 .4 8 5 .2 0 0 .0 7 0 .7 0





T a b le  6 . The
and
a v e r a g e  mean y i e l d s  i n  
CFMV i n o c u l a t e d  p l a n t s
pounds o f  so y b e a n s  
grown in  t h e  f i e l d
from  h e a l t h y
V a r i e t y C o n t r o l  P l a n t s  CPMV I n f e c t e d  P l a n t s D i f f e r e n c e
H i l l  • 5 .8 ' 4 . 4 1 .4
D avis 1 1 . 6 6 . 1 5 .5
Lee 6 .9 2 . 8 4 . 1
Bragg 6 . 2 3 .0 3 . 2
Semmes 6 . 0 2 .5 3 .5
L .S .D . = 57= = 2 .3  
17= = 3 .2
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T a b le  7 .  The a v e r a g e  mean y i e l d s  i n  g ra ins  o f  s o y b e a n s  from  h e a l t h y  
. and  BPMV i n f e c t e d  p l a n t s  grown i n  t h e  g r e e n h o u s e .
V a r i e t y C o n t r o l  P l a n t s BPMV I n f e c t e d  P l a n t s D i f f e r e n c e
H i l l 7 7 .0 2 5 4 .5 2 2 2 .5 0
D are 7 1 .2 2 4 0 .5 0 2 0 .7 2
D av is 4 4 .3 2 4 7 .9 5 3 .6 3
Lee ■ 9 3 .0 8 6 5 .6 2 2 7 .4 6
B ragg 5 9 .7 8 6 6 .2 7 6 .4 9
Semmes 5 9 .0 4 5 .7 7 1 3 .2 3
L .S .D .  = 5% « 1 9 .7  
17, -  2 6 .5 6
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T a b le  8 . The a v e r a g e  mean y i e l d s  i n  g r a m s  o f  s o y b e a n s  from  h e a l t h y  
and  CPMV i n f e c t e d  p l a n t s  grown i n  t h e  g r e e n h o u s e .
V a r i e t y C o n t r o l  P l a n t s CPMV I n f e c t e d  P l a n t s D i f f e r e n c e
H i l l 7 0 .1 2 16 .77 5 3 .3 5
D are 8 0 .6 5 1 0 .7 5 6 9 .9 0
D av is 7 1 .3 2 1 8 .0 2 5 3 .5 0
Lee 6 9 .4 5 1 4 .0 5 5 5 .4 0
Bragg 7 8 .5 7 1 4 .8 2 6 3 .7 5
Semmes 7 8 .1 7 1 2 .6 0 65 .57
L .S .D . '  = 5% -  1 6 .0 2  

















0 . 8  
0 .7
0 . 6  
0 .5
0 . 4  
0 . 3  
0 . 2  
0 . 1  
0.0
200 220 240 260 280
W av e len g th  (Mu).
F i g u r e  1 .  A b s o r p t io n  s p e c t ru m  o f  a  p u r i f i e d  p r e p a r a t i o n  o f  t h e
L o u i s i a n a  i s o l a t e  o f  BPMV. The c u r v e  i s  a t r a c i n g  from  a 
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F i g u r e  2 .  A b s o r p t io n  s p e c t r u m  o f  a  p u r i f i e d  p r e p a r a t i o n  o f  t h e
L o u i s i a n a  i s o l a t e  o f  CPMV. The c u r v e  i s  a  t r a c i n g  f ro m  a 
P e r k in  E lm er S p e c t r o p h o t o m e t e r .
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P l a t e  1 .  L o c a l  l e s i o n s  p ro d u c e d  b y  t h e  L o u i s i a n a  i s o l a t e  o f  BPMV on 
G r e a t  N o r t h e r n .
I
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P l a t e  2 . ; L o c a l  l e s i o n s  p ro d u c e d  b y  t h e  L o u i s i a n a  i s o l a t e  o f  BPMV on 
P i n t o . ■
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P l a t e  3 .  L o c a l  l e s i o n s  p ro d u c e d  by  t h e  L o u i s i a n a  i s o l a t e  o f  CPMV on 
G r e a t  N o r t h e r n .
49
P l a t e  4* L o c a l  l e s i o n s  p ro d u c e d  b y  th e  L o u i s i a n a  i s o l a t e  o f  CPMV on 
P i n t o .
P l a t e  5 .  L o c a l  l e s i o n s  p ro d u c e d  b y  t h e  L o u i s i a n a  i s o l a t e  o£ CPMV on 
co w p e a .
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Plate 6. Systemic mottle on Dare soybean leaves caused by the 
Louisiana isolate of BPMV.
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P l a t e  7 .  S y s te m ic  symptoms on D are  so y b e a n  l e a v e s  c a u s e d  b y  th e  
L o u i s i a n a  i s o l a t e  o f  CFMV.
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P l a t e  8., H e a l th y  D are  s o y b e a n .
P l a t e  9 .  S y s te m ic  symptoms on E a r l y  Ramshorn cowpea l e a v e s  c a u s e d  by 
t h e  L o u i s i a n a  i s o l a t e  o f  CPMV.
P l a t e  10 . O u c h te r lo n y  g e l - d i f f u s i o n  t e s t  co m p ar in g  t h e  L o u i s i a n a  
i s o l a t e  o f  BPMV a n t i g e n  (B) t o  i t s  hom ologous a n t i s e r u m
(A) and t o  t h e  N o r th  C a r o l i n a  i s o l a t e  a n t i s e r u m  ( C ) .
(D) contains antigen to the Louisiana BPMV isolate.
P l a t e  11 . O u c h te r lo n y  g e l - d i f f u s i o n  t e s t  c o m p ar in g  f o u r  BPMV
a n t i s e r a ;  I n d i a n a  i s o l a t e  (A ), L o u i s i a n a  i s o l a t e  ( B ) , 
N o r th  C a r o l i n a  i s o l a t e  ( C ) , and  A rk an sas  i s o l a t e  (D) 
w i t h  hom ologous a n t i g e n  t o  th e  L o u i s i a n a  i s o l a t e  (E, H, 
J ,  G) and  w i t h  t h e  N o r th  C a r o l i n a  BPMV a n t i g e n  ( I ,  F ) .
P l a t e  12 . O u c h te r lo n y  g e l - d i f f u s i o n  t e s t  c o m p a r in g  CPMV a n t i g e n  
( i n f e c t e d  s a p )  (C) w i t h  i t s  hom ologous a n t i s e r u m  (D) 
and  w i t h  a n t i s e r u m  from  th e  C a l i f o r n i a  i s o l a t e  o f  CPMV
( B ) . W ell (A) c o n t a i n s  sa p  from  h e a l t h y  D are s o y b e a n .
DISCUSSION
T h e re  a r e  many p ro b lem s  a s s o c i a t e d  w i t h  t h e  i d e n t i f i c a t i o n  o f  
v i r u s e s  fo u n d  i n  legum es i n  t h e  f i e l d  ( 1 0 ) .  F i r s t ,  t h e  p r o b a b l e  
v i r u s  i s o l a t e s  m us t b e  s e p a r a t e d  from  a  p o s s i b l e  " v i r u s  com plex" 
b e c a u s e  m u l t i p l e  v i r u s  i n f e c t i o n  i n  legum es i s  n o t  uncommon. A 
d e t a i l e d  s tu d y  m u s t  t h e n  b e  made o f  e a c h  i s o l a t e .  Among t h e  p r o p e r t i e s  
o f  t h e  v i r u s  t o  b e  i n v e s t i g a t e d  a r e  sy m p to m a to lo g y ,  h o s t  r a n g e ,  
i n f l u e n c e  o f  e n v i ro n m e n t ,  t r a n s m i s s i o n  m e th o d s , p h y s i c a l  p r o p e r t i e s ,  
s e r o l o g y ,  and  e l e c t r o n m i c r o s c o p y . V iru s  i d e n t i f i c a t i o n  b a s e d  on h o s t  
r e a c t i o n  a l o n e  i s  o f  l i m i t e d  u s e f u l n e s s ,  s i n c e  symptoms o f t e n  d e p e n d ,  
among o t h e r  f a c t o r s ,  on t h e  s p e c i e s  o r  v a r i e t y  u s e d  and  on e n v i r o n ­
m e n t a l  c o n d i t i o n s  (1 ,  6 ,  7 ) .  C o n s e q u e n t ly ,  t h e  s o - c a l l e d  " c l i n i c a l  
d i a g n o s i s "  becomes u n r e l i a b l e  ( 1 0 ) .  T h e r e f o r e ,  g r e a t e r  em p h asis  m u s t  
b e  p l a c e d  o n  t h e  s t u d y  o f  t h e  i n t r i n s i c  c h a r a c t e r s  o f  th e  v i r u s e s  by 
p h y s i c o c h e m ic a l  t e s t s  and  e s p e c i a l l y  e l e c t r o n m i c r o s c o p y  and  s e r o l o g y .  
Thus f a r ,  t h e  s tu d y  o f  t h e s e  p r o p e r t i e s  h a s  b e e n  l i m i t e d  to  v i r u s e s  
w h ich  a r e  s a p  t r a n s m i s s a b l e  ( 1 0 ) .
Zaumeyer an d  Thomas (68 )  d e s c r i b e d  BPMV i n  1948 as  a  new v i r u s  
i n f e c t i n g  b e a n s  (P . v u l g a r i s ) . On some p l a n t s ,  t h e  v i r u s  p ro d u c e d  
c i r c u l a r  l o c a l  l e s i o n s ,  w h i l e  on  o t h e r s ,  a  c h l o r o t i c  m o t t l e  was 
p r o d u c e d .  R e s u l t s  o f  t h e  h o s t  r a n g e  s t u d y  w i t h  t h e  BPMV i s o l a t e  u s e d  
i n  t h i s  s t u d y  d e m o n s t r a t e d  t h a t  l o c a l  l e s i o n s  w e re  p ro d u c e d  In  s i x  
v a r i e t i e s  o f  P . v u l g a r i s  and s y s t e m i c  symptoms w ere  p ro d u c e d  on 
C a s s i a  o b t u s i f o l i a  L . ,  C e n tro se m a  a m e r ic a n a  Bentham, Desmodium 
c a n a d e n s e  L . ,  Desmodium la e v ig a t u m  L . ,  Desmodium p a n i c u l a t u m  L . and
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G. m ax . The symptoms a g r e e d  c l o s e l y  w i t h  t h o s e  r e p o r t e d  by  Zaumeyer 
and Thomas (68) on P . v u l g a r i s  v a r .  L o n g ree n  and T e n d e rg re e n ,  S k o t la n d  
(52) a l s o  r e p o r t e d  on  a  h o s t  r a n g e  s t u d y  w i th  BPMV. The r e s u l t s  
( T a b le  1) a l s o  a g r e e  w i t h  t h e  r e s u l t s  o f  S k o t la n d  (52) w i t h  t h e  
e x c e p t i o n  t h a t  no symptoms w e re  p ro d u c e d  on  cowpea (V. s i n e n s i s ) and 
c r im s o n  c l o v e r  (T. in c a r n a tu m ) w i t h  t h e  L o u i s i a n a  i s o l a t e .  The 
s y s t e m i c  symptoms p ro d u c e d  on Desmodium s p p . i n d i c a t e d  a  r e l a t i o n  o f  
t h e  v i r u s  to  t h e  BPMV i s o l a t e  d e s c r i b e d  by  W a l te r s  (61) and  M oore e t  a l .  
( 3 5 ) .  BPMV p ro d u c e d  a  s y s t e m i c  m o t t l i n g  i n  a l l  v a r i e t i e s  o f  s o y b e a n s  
t e s t e d .  A s i m i l a r  r e a c t i o n  was r e p o r t e d  by  M oore , e t  a l .  ( 3 5 ) ,  Ross 
(4 1 ,  4 2 ,  4 3 ,  4 4 ,  4 5 ) ,  W a l te r s  ( 6 1 ) ,  and  W a l te r s  and B a r n e t t  ( 6 2 ) .
T h ese  r e s u l t s  i n d i c a t e d  a  c l o s e  s i m i l a r i t y  b e tw e e n  t h e s e  BPMV i s o l a t e s  
and  t h e  L o u i s i a n a  i s o l a t e .
The symptoms p ro d u c e d  b y  t h e  L o u i s i a n a  CPMV i s o l a t e  w e re  v e r y  
s i m i l a r  t o  t h e  symptoms o f  CPMV d e s c r i b e d  by E l l i o t  (21) and  b y  
McLean ( 3 4 ) .  Of t h e  67 p l a n t s  i n o c u l a t e d  i n  t h e  h o s t  r a n g e  s t u d y ,
( T a b le  1) 18 showed symptoms when i n o c u l a t e d  w i t h  CPMV. L o c a l  l e s i o n s  
w ere  p ro d u c e d  i n  £ .  a m a r a n t i c o l o r , C . ' q u i n o a , P h a s e o lu s  s p p . ,  V. 
s e s q u i p e d a l i s , and  V. s i n e n s i s . S y s te m ic  symptoms w ere  p ro d u c e d  on 
G. max and  V. s i n e n s i s . McLean (34) a l s o  r e p o r t e d  t h a t  V. s i n e n s i s  
was s u s c e p t i b l e  t o  CPMV. The h o s t  r a n g e  f o r  t h e  CPMV ( L o u i s i a n a  
i s o l a t e )  d i f f e r e d  from  t h e  h o s t  r a n g e  g iv e n  by  Shepherd , and F u l t o n  
( 5 0 ) .  They r e p o r t e d  a  r a t h e r  l i m i t e d  h o s t  r a n g e  f o r  a  CPMV t h a t  was 
c l o s e l y  r e l a t e d  s e r o l o g i c a l l y  to  s o u t h e r n  b e a n  m o s a ic  v i r u s  (SBMV).
The o n l y  legum es show ing  a  r e a c t i o n  t o  t h e i r  CPMV i s o l a t e  was 1?. 
s a t i v u m , G. m ax, and  V. s e s q u i p e d a l i s . The l a t t e r  two w ere  h o s t s  f o r  
t h e  L o u i s i a n a  i s o l a t e  o f  CPMV. S h ep h e rd  ( 5 1 ) ,  h o w ev e r ,  d e s c r i b e d
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a n o t h e r  CPMV i s o l a t e  w i t h  a  b r o a d e r  le g u m in o u s  h o s t  r a n g e  i n  a d d i t i o n  
to  s e v e r a l  n o n - le g u m in o u s  h o s t s .  T h is  . l a t t e r  i s o l a t e  a g r e e d  m ore  
c l o s e l y  w i t h  t h o s e  l i s t e d  a s  h o s t s  o f  t h e  L o u i s i a n a  i s o l a t e s '  shown 
i n  T a b le  1 . The h o s t  r a n g e  d e s c r i b e d  f o r  t h e  T r i n i d a d  s t r a i n  o f  
CPMV (13) i n c l u d e d  some o f  t h e  h o s t s  o f  t h e  L o u i s i a n a  CPMV i s o l a t e  
l i s t e d  i n  T a b le  1 .  I t  was i n t e r e s t i n g  t o  n o t e  t h a t  t h e  C a l i f o r n i a  
CPMV i s o l a t e  (50 )  t h a t  i s  s i m i l a r  t o  SBMV, t h e  T r i n i d a d  i s o l a t e  ( 1 3 ) ,  
and  t h e  L o u i s i a n a  i s o l a t e  a l l  p ro d u c e d  symptoms on _P. v u l g a r i s  and  
a m a r a n t i c o l o r .
The r e s u l t s  o f  t h e  e n v i r o n m e n ta l  e f f e c t s  on BPMV and CPMV 
i n d i c a t e d  t h a t  t e m p e r a t u r e  p l a y s  a  m a jo r  r o l e  i n  symptom e x p r e s s i o n .  
D are  so y b e a n  p l a n t s  w e re  i n o c u l a t e d  w i t h  BPMV and  CPMV, r e s p e c t i v e l y ,  
and p l a c e d  i n  g ro w th  cham bers  a t  20 , 2 5 ,  3 0 ,  35 and 40 C. The two 
e x t r e m e  t e m p e r a t u r e s  had  t h e  m o s t  p ro n o u n ced  e f f e c t  on  symptom 
e x p r e s s i o n  o f  b o th  v i r u s e s .  Symptom e x p r e s s i o n  was m o s t  i n t e n s e  when 
i n o c u l a t e d  p l a n t s  w e re  i n c u b a t e d  a t  20 C. Symptoms a t  t h i s  t e m p e r a t u r e  
w e re  c h a r a c t e r i s t i c  o f  t h o s e  d e s c r i b e d  b y  o t h e r  w o r k e r s .  I t  i s  o f  
i n t e r e s t  t o  n o t e  t h a t  when t h e  p l a n t s  i n c u b a t e d  a t  20 C w e re  rem oved 
f ro m  t h e  g ro w th  cham ber and  p l a c e d  i n  an  a i r - c o n d i t i o n e d  g r e e n h o u s e  
(26 C ) , t h e  symptoms f a d e d .  H owever, w i t h i n  a  week t h e  symptoms o f  
b o th  v i r u s e s  w e re  m a n i f e s t e d  a s  b e f o r e .  T h is  phenomenon i s  s i m i l a r  
to  t h a t  d e s c r i b e d  by s e v e r a l  w o rk e rs  (6 ,  4 4 ,  6 8 ) .  No symptoms w ere  
o b s e r v e d  on  i n o c u l a t e d  p l a n t s  i n c u b a t e d  a t  40 C. T h is  s u g g e s t e d  a  
p o s s i b l e  i n a c t i v a t i o n  o f  t h e  v i r u s e s .  Symptom e x p r e s s i o n  o f  i n o c u l a t e d  
p l a n t s  a t  2 5 ,  30 and 35 C was n o t  changed  m a rk e d ly  e x c e p t  t h o s e  
m a i n t a i n e d  a t  30 C p ro d u c e d  B l i g h t l y  m ore  s e v e r e  sym ptom s. T hus , 
i t  a p p e a r e d  from  t h e s e  o b s e r v a t i o n s  t h a t  symptom e x p r e s s i o n  o f  BPMV
61
and  CPMV, r e s p e c t i v e l y ,  was i n f l u e n c e d  b y  t e m p e r a t u r e .  T e m p e ra tu re s  
o f  2 0 -3 0  C a p p e a r e d  to  b e  optim um  f o r  e x p r e s s i o n  o f  sym ptom s, 35 C 
s u p r e s s e d  them and  none  w e re  o b s e r v e d  a t  40 c .
I n  t h e  1969 and 1970 f i e l d  t e s t s ,  no s i g n i f i c a n t  d i f f e r e n c e s  
i n  y i e l d s  o f  b e a n s  w e re  o b t a i n e d  b e tw e e n  th e  i n o c u l a t e d  BPMV p l a n t s  
and  t h e  c o n t r o l s .  T hese  r e s u l t s  c o n t r a s t  s h a r p l y  w i t h  R o s s 's  (4 1 ,  44) 
r e s u l t s  on  y i e l d  r e s p o n s e  o f  s i n g l y  and d o u b ly  i n f e c t e d  p l a n t s  
i n o c u l a t e d  w i t h  SMV and  BPMV. He o b t a i n e d  y i e l d  r e d u c t i o n s  on  Lee 
(80 p e r c e n t )  and  H i l l  i n f e c t e d  w i th  BPMV. T a b le  5 i n d i c a t e s  no 
s i g n i f i c a n t  r e d u c t i o n  i n  y i e l d s  o f  e i t h e r  Lee o r  H i l l .  I t  c a n  b e  
p o i n t e d  o u t  h e r e  t h a t  t h e  d i f f e r e n c e  i n  t h e  mean y i e l d  b e tw e e n  t h e  
i n f e c t e d  and  t h e  c o n t r o l  p l a n t s  o f  H i l l  i s  i n  f a c t ,  a  n e g a t i v e  num ber. 
T h e se  r e s u l t s  c o u ld  p o s s i b l y  b e  e x p l a i n e d  by  t h e  f a c t  t h a t  100 p e r c e n t  
i n f e c t i o n  o f  a l l  p l a n t s  i n  t h e  p l o t  was n o t  o b t a i n e d .  F a i l u r e  to  
g e t  100 p e r c e n t  i n f e c t i o n  was p r o b a b l y  due t o  an  e x c e s s i v e  number o f  
p l a n t s  i n  t h e  t e s t  p l o t s .  G reen h o u se  y i e l d  t e s t s  on v a r i e t a l  r e s p o n s e  
(T a b le  7 ) ,  h o w ev e r ,  showed t h a t  t h e r e  was a  .h ig h ly  s i g n i f i c a n t  
d i f f e r e n c e  b e tw e e n  t h e  BPMV i n f e c t e d  p l a n t s  and  t h e  c o n t r o l  p l a n t s .
I t  i s  s i g n i f i c a n t  t o  n o t e  h e r e  t h a t  H i l l  and Lee had  th e  g r e a t e s t  
r e d u c t i o n s  i n  y i e l d s .  T h is  c o r r e l a t e s  c l o s e l y  w i t h  t h e  r e s u l t s  
o b t a i n e d  by  Ross (4 1 ,  4 4 ) .  The g r e a t e r  r e d u c t i o n  i n  y i e l d s  o b t a i n e d  
i n  g re e n h o u s e  t e s t s  com pared  w i t h  f i e l d  t e s t s  was due  to  t h e  p e r c e n t  
o f  i n f e c t i o n .  G reen h o u se  p l a n t s  w e re  100 p e r c e n t  i n f e c t e d ,  w h e rea s  
i t  is- b e l i e v e d  t h a t  t h e  p e r c e n t  i n f e c t i o n  i n  t h e  f i e l d  was e x t r e m e ly  
low .
T h e re  was some d e g r e e  o f  s i g n i f i c a n c e  b e tw e e n  CPMV i n f e c t e d  
p l a n t s  and  h e a l t h y  p l a n t s  grown i n  t h e  f i e l d .  The d a t a  i n  T a b le  6
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i n d i c a t e s  a  s i g n i f i c a n t  d i f f e r e n c e  a t  t h e  o n e  and  f i v e  p e r c e n t  l e v e l s  
o f  p r o b a b i l i t y .  T h e re  i s  l i t t l e  r e a s o n  to  b e l i e v e  h e r e  t h a t  a  h i g h e r  
p e r c e n t a g e  o f  i n f e c t i o n  was o b t a i n e d  f o r  CPMV th a n  f o r  BPMV. CPMV 
was a  much more s e v e r e  d i s e a s e  i n  s o y b e a n s  th a n  BPMV. I t  c a u s e d  
s e v e r e  s t u n t i n g  t h a t  r e s u l t e d  i n  s m a l l e r  y i e l d s  th a n  BPMV i n f e c t e d  
p l a n t s .  The g r e e n h o u s e  t e s t s  w i t h  CPMV i n f e c t e d  p l a n t s  (T ab le  8) 
i n d i c a t e d  s i m i l a r  r e s u l t s  a s  t h e  BPMV g re e n h o u s e  t e s t s .  R easons g iv e n  
f o r  t h e  g r e a t e r  r e d u c t i o n s  i n  y i e l d s  i n  t h e  g re e n h o u s e  t e s t s  a s  
com pared  w i t h  f i e l d  t e s t s  w i t h  CPMV a r e  t h e  same a s  s t a t e d  p r e v i o u s l y  
when BPMV was t h e  v i r u s  d i s c u s s e d ,
BPMV was shown (T a b le  2) t o  b e  t r a n s m i t t e d  by t r i f u r c a t a  
(b e a n  l e a f  b e e t l e ) . H owever, t r a n s m i s s i o n  was o n ly  30 p e r c e n t  as  
com pared  to  W a l t e r s  (63) who o b t a i n e d  53 p e r c e n t  t r a n s m i s s i o n  o f  BPMV 
by  £ ,  t r i f u r c a t a . and  Ross (42 )  who r e p o r t e d  67 p e r c e n t  t r a n s m i s s i o n  
o f  BPMV by  £ .  t r i f u r c a t a . Horn e t  a l .  (29) a l s o  r e p o r t e d  15 p e r c e n t  
t r a n s m i s s i o n  o f  BPMV w i t h  C. t r i f u r c a t a  and  w hose r e s u l t s  m ore n e a r l y  
a p p ro x im a te d  t h o s e  i n  T a b le  2 .  The t r a n s m i s s i o n  o f  BPMV r e p o r t e d  by 
Horn e t  a l .  (29) f o r  o t h e r  C h ry s o m e l id  b e e t l e s  was 4 to  7 p e r c e n t .
Many f a c t o r s  c o u l d  a c c o u n t  f o r  t h e s e  d i f f e r e n c e s  i n  am ount o f  t r a n s -  
m i s s a b i l i t y .  Among t h e s e  a r e  t h e  s o u r c e  p l a n t ,  t e m p e r a t u r e ,  h u m i d i t y ,  
l i g h t  v a r i a t i o n s ,  a c q u i s i t i o n  o f  t h e  v i r u s  by  th e  i n s e c t  and th e  
l e n g t h  o f  t im e  t h a t  t h e  i n s e c t  r e m a in s  v i r u l i f e r o u s  a f t e r  a c q u i s i t i o n  
o f  t h e  v i r u s .  N o t t o  b e  o v e r lo o k e d  t o o ,  i s  t h e  t i t e r  o f  t h e  v i r u s  i n  
t h e  s o u r c e  p l a n t  . a t  t h e  t im e  o f  f e e d i n g .  M; p e r s i c a e  was n o t  a  
v e c t o r  f o r  BPMV. S i m i l a r  r e s u l t s  h a v e  b e e n  r e p o r t e d  b y  o t h e r  w o r k e r s  
(4 2 ,  6 4 ,  6 5 ) .
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T a b le  2 shows o n l y  10 p e r c e n t  t r a n s m i s s i o n  o f  CPMV w i t h  C_. 
t r i f u c a t a . N e v e r t h e l e s s ,  t h e s e  r e s u l t s  e s t a b l i s h  t h a t  t h e  v i r u s  i s  
r e l a t e d  to  o t h e r  CPMV s t r a i n s  t h a t  h a v e  b e e n  r e p o r t e d  a s  b e i n g  
t r a n s m i t t e d  by  C .■t r i f u c a t a  (2 ,  5 3 ,  6 1 ) .  The r e a s o n s  g iv e n  f o r  t h e  
low  p e r c e n t a g e  o f  t r a n s m i s s i o n  o f  CPMV may b e  due  to  t h e  same f a c t o r s  
t h a t  c a u s e d  t h e  low t r a n s m i s s i o n  l e v e l  o f  BPMV. A t te m p ts  to  t r a n s m i t  
CPMV w i t h  M. p e r s i c a e  w e re  u n s u c c e s s f u l .  H owever, Yu (67) o b t a i n e d  
an  e x t r e m e l y  h i g h  p e r c e n t a g e  o f  i n f e c t i o n  w i th  A phis  r u m i c i s  L. . (b la c k  
a p h i d ) ,  M acros iphum  p i s i  K a l t .  (p ea  a p h i d ) ,  and A ph is  g o s s y p i i  G lo v .  
( c o t t o n  a p h i d )  . I n  some c a s e s  Yu (66) n o t e d  100 p e r c e n t  i n f e c t i o n  
w i t h  a p h i d s .
No s e e d  t r a n s m i s s i o n  o f  e i t h e r  BPMV o r  CPMV was o b s e r v e d .
T h ese  r e s u l t s  a g r e e  w i t h  t h o s e  o f  S k o t l a n d  (52) who a l s o  r e p o r t e d  no 
s e e d  t r a n s m i s s i o n  f o r  BPMV, and  w i t h  t h o s e  o f  P e r e z  and  M o n l lo r  (38) 
who r e p o r t e d  no s e e d  t r a n s m i s s i o n  f o r  s e e d  from  CPMV i n f e c t e d  E a r l y  
Ramshorn cow peas (V. s i n e n s i s ) . H owever, s e e d  t r a n s m i s s i o n  o f  CPMV 
was r e p o r t e d  by  a  number o f  w o rk e rs  (1 9 ,  2 6 ,  3 4 ,  5 0 ,  5 3 ,  6 6 ) .  A lth o u g h  
CPMV showed a  r e l a t i o n s h i p  t o  t h e  C a l i f o r n i a  CPMV i s o l a t e ,  w h ich  was 
r e p o r t e d  t o  b e  s e e d - b o r n e  b y  S h ep h e rd  a n d  F u l t o n  ( 5 0 ) ,  t h e r e  was no 
s e e d  t r a n s m i s s i o n  i n  e i t h e r  s o y b e a n s  o r  c o w p e a s .
The d i l u t i o n  e n d - p o i n t  (DEP) o f  BPMV was fo u n d  to  o c c u r  a t  
1 ;1 0 ,0 0 0  ( T a b le  3 ) .  Zaumeyer and  Thomas (68) r e p o r t e d  a  s i m i l a r  
r e s u l t  f o r  t h e  DEP o f  BPMV. The DEP f o r  CPMV was a l s o  found  to  b e  
1 :1 0 , 0 0 0 ,  a l t h o u g h  i n f e c t i o n  a t  t h i s  d i l u t i o n  was l i m i t e d  to  one  p l a n t  
(T a b le  3 ) .  The w ork  o f  S h e p h e rd  and  F u l t o n  ( 5 0 ) ,  S h ep h e rd  ( 5 1 ) ,  and  
Chang (13) on  t h e  DEP o f  CPMV s u p p o r t  t h i s  v a l u e .  McLean (3 4 ) ,
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h o w e v e r ,  i n d i c a t e d  t h a t  t h e  DEP o f  CPMV o c c u r r e d  a t  1 : 1 , 5 0 0 ,  and  Yu 
(67) r e p o r t e d  1 : 2 ,5 0 0  a s  t h e  DEP o f  CPMV.
T herm al i n a c t i v a t i o n  s t u d i e s  w i t h  BPMV showed t h a t  i n f e c t i o n  
o c c u r r e d  a t  60 C, b u t  no n e  a t  70 C (T a b le  4 ) .  T h is  v a l u e  was s l i g h t l y  
lo w e r  th a n  t h a t  g iv e n  by  Zaumeyer and  Thomas (68) w h ich  was b e tw e e n  
70 and  80 C f o r  i n a c t i v a t i o n  o f  BPMV. M atthew s (33) l i s t s  t h e  th e rm a l  
i n a c t i v a t i o n  p o i n t  (TIP) f o r  BPMV b e tw e e n  60 and  85 C. T h ese  v a l u e s ,  
h o w e v e r ,  r e p r e s e n t  a  g ro u p  o f  v i r u s e s  and  s h o u ld  n o t  b e  i n t e r p r e t e d  
a s  t h e  t r u e  v a l u e  f o r  any  one  v i r u s  i n  t h e  g ro u p .  The TIP  f o r  CPMV 
was a l s o  b e tw e e n  60 and 70 C (T a b le  4 ) .  T hese  f i g u r e s  a g r e e  w i th  
t h o s e  o f  C han t (13) and S h ep h erd  (51) who r e p o r t e d  i n a c t i v a t i o n  o f  
CPMV a t  70 C. T hese  f i g u r e s  do n o t  a g r e e  w i t h  t h o s e  o f  o t h e r  
i n v e s t i g a t o r s .  McLean o b t a i n e d  i n f e c t i v i t y  w i t h  CPMV e x t r a c t  up t o  
72 C. Yu (67) r e p o r t e d  t h e  T IP  f o r  CPMV a t  64 C. T h is  f i g u r e  i s  n o t  
c o n s i s t e n t  w i t h  t h e  r e s u l t s  o f  t h e  o t h e r  w o rk e rs  r e p o r t e d  h e r e  and 
w i t h  S h ep h e rd  and  F u l t o n  (50) who g o t  i n a c t i v a t i o n  o f  CPMV e x t r a c t  
a t  90 C. T hese  two e x t re m e s  s u g g e s t  t h a t  t h e  g r e a t  v a r i a t i o n  o f  
i n a c t i v a t i o n  t e m p e r a t u r e s  may b e  due  t o  t h e  v a r i o u s  s t r a i n s  o f  CPMV.
L o n g e v i ty  i n  v i t r o  (LIV) v a l u e s  f o r  BPMV and CPMV, r e s p e c t i v e l y ,  
w e re  i d e n t i c a l .  I n f e c t i o n  was o b t a i n e d  a t  f o u r  d a y s ,  b u t  none  a t  
s i x  d a y s . Zaumeyer and Thomas (68) o b t a i n e d  a  much h i g h e r  f i g u r e  a t  
62 d a y s .  A much c l o s e r  f i g u r e  t o  t h e  one  r e p o r t e d  f o r  t h i s  s t u d y  was 
o b t a i n e d  b y  McLean (34) who r e p o r t e d  i n a c t i v a t i o n  b e tw e e n  48 and  72 
h o u r s ,  and  by  Yu (67) who o b s e r v e d  i n f e c t i o n  a t  72 h o u r s  b u t  none  a t  
96 h o u r s .  O th e r  v a l u e s  r e p o r t e d  f o r  LIV o f  CPMV’r a n g e d  from  7 
d ay s  t o  16 d ay s  (1 3 ,  5 1 ,  5 2 ) .
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The p u r i f i c a t i o n  o f  BPMV was a c c o m p l i s h e d  b y  t h e  method 
d e s c r i b e d  by  B a n c r o f t  ( 6 ) ,  H owever, c o n s i d e r a b l y  s m a l l e r  y i e l d s  w e re  
o b t a i n e d  th a n  t h o s e  r e p o r t e d  b y  h im . L oss  o f  v i r u s  d u r i n g  p u r i f i c a t i o n  
i s  f r e q u e n t l y  a t t r i b u t e d  t o  v a r i a t i o n  i n  t e c h n iq u e s  em ployed  b y  t h e  
p a r t i c u l a r  w o r k e r .  I t  i s  d o u b t f u l  t h a t  t h e  low v i r u s  y i e l d  was due  
t o  a  low t i t e r  s i n c e  l o c a l  l e s i o n  a s s a y s  a t  t h e  t im e  o f  h a r v e s t  
i n d i c a t e d  a  s u f f i c i e n t l y  h i g h  t i t e r  f o r  p u r i f i c a t i o n .  The y i e l d  o f  
v i r u s  f o r  CFMV was a l s o  lo w e r  th a n  t h a t  r e p o r t e d  by  Van Kammen ( 5 8 ) ,
As w i t h  BPMV, p r o c e d u r a l  v a r i a t i o n s  may h a v e  l e d  t o  t h e  r e d u c e d  
y i e l d  s i n c e  t h e  t i s s u e  u s e d  was o f  s u f f i c i e n t  v i r u s  t i t e r  as  i n d i c a t e d  
by  l o c a l  l e s i o n  a s s a y ,
P l a t e s  10 , 11 and 12 show t h e  r e s u l t s  o f  t h e  a g a r  g e l - d i f f u s i o n  
t e s t  w i t h  b o t h  v i r u s e s .  The r e a c t i o n  o f  t h e  a n t i s e r u m  t o  t h e  L o u i s i a n a  
BPMV i s o l a t e  w i t h  t h e  N o r th  C a r o l i n a  i s o l a t e  ( P l a t e  10) i n d i c a t e s  
t h a t  t h e s e  two v i r u s e s  a r e  c l o s e l y  r e l a t e d ,  p o s s i b l y  s t r a i n s  o f  th e  
same v i r u s .  P l a t e  11 shows t h e  r e s u l t s  o f  t h e  a g a r  g e l - d i f f u s i o n  
t e s t  i n  w h ich  f o u r  BPMV a n t i s e r a  w e re  com pared  w i t h  a n t i g e n s  o f  t h e  
L o u i s i a n a  BPMV i s o l a t e  and  N o r th  C a r o l i n a  i s o l a t e s ,  r e s p e c t i v e l y .  
A n t ig e n s  f o r  t h e  o t h e r  two i s o l a t e s  w e re  n o t  a v a i l a b l e .  T h is  r e a c t i o n  
shows t h e  r e l a t i o n s h i p  o f  t h e  L o u i s i a n a  and  th e  N o r th  C a r o l i n a  BPMV 
i s o l a t e s .  No d i f f u s i o n  r e a c t i o n s  o c c u r r e d  w i th  e i t h e r  t h e  I n d i a n a  o r  
t h e  A rk a n sa s  i s o l a t e s .  The p r o b a b l e  r e a s o n  f o r  t h i s  i s  th e  e x t r e m e l y  
low y i e l d  o f  v i r u s  o b t a i n e d  f o r  th e  a n t i g e n  o f  t h e  L o u i s i a n a  i s o l a t e .
P l a t e  12 shows th e  r e s u l t s  o f  t h e  a g a r  g e l - d i f f u s i o n  t e s t  i n  
w h ich  t h e  CFMV a n t i g e n  was com pared  w i t h  i t s  hom ologous a n t i s e r u m  and 
to  t h e  C a l i f o r n i a  i s o l a t e  o f  CFMV. The t e s t  was a c c o m p l i s h e d  b y  u s i n g
t
c l a r i f i e d  and  c o n c e n t r a t e d  CFMV i n f e c t i v e  s a p  a s  t h e  a n t i g e n .
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P r e l i m i n a r y  t e a t s  w i t h  t h e  p u r i f i e d  a n t i g e n  i n d i c a t e d  t h a t  i n s u f f i c i e n t  
am oun ts  o f  t h e  v i r u s  w e re  p r e s e n t  i n  t h e  a n t i g e n  t o  c a u s e  a  r e a c t i o n  
w i t h  t h e  a n t i s e r u m .  T hese  r e s u l t s  e s t a b l i s h  a  d e f i n i t e  r e l a t i o n s h i p  
b e tw e e n  t h e  CPMV i s o l a t e  u s e d  i n  t h i s  s t u d y  and  t h e  C a l i f o r n i a  CFMV 
i s o l a t e .
S t a i n e d  and shadow ed g r i d s  o f  b o th  v i r u s  i s o l a t e s  w e re  
exam ined  w i t h  t h e  e l e c t r o n  m i c r o s c o p e .  Due to  t h e  low c o n c e n t r a t i o n  
o f  b o th  v i r u s e s ,  c o n s i d e r a b l e  d i f f i c u l t y  was e x p e r i e n c e d  i n  l o c a t i n g  
a n  a g g r e g a t e  o f  v i r u s  p a r t i c l e s  s u i t a b l e  f o r  v i e w i n g .  S i n g l e  
p a r t i c l e s ,  and  i n  some c a s e s  g ro u p s  o f  two to  f o u r  p a r t i c l e s  w e re  
o b s e r v e d  f o r  b o th  BPMV and  CPMV. I t  was d e f i n i t e l y  e s t a b l i s h e d ,  
h o w e v e r ,  t h a t  b o th  v i r u s e s  c o n s i s t e d  o f  s p h e r i c a l  p a r t i c l e s .  
O b s e r v a t io n s  w ere  o f  i n s u f f i c i e n t  c l a r i t y  f o r  p h o t o g r a p h s .
SUMMARY
BPMV and CPMV w e re  fo u n d  i n  so y b ean s  and  i n  co w p eas ,  r e s p e c t i v e l y ,  
i n  L o u i s i a n a .  Both  v i r u s e s  w e re  i d e n t i f i e d  by  i n s e c t  t r a n s m i s s i o n ,  
p h y s i c a l  p r o p e r t i e s ,  s e r o l o g y ,  h o s t  r a n g e  and symptom e x p r e s s i o n .  
BPMV p ro d u c e d  a  m o t t l i n g  on  t h e  l e a v e s  o f  s o y b e a n ,  w h i l e  CPMV 
c a u s e d  a  s e v e r e  m o s a ic  and  s t u n t i n g  o f  so y b e a n  p l a n t s .  Both 
v i r u s e s  had  a  w id e  lugum inous  h o s t  r a n g e ,  and  BPMV o v e r w i n t e r s  i n  
Desmodium p a n i c u l a t u m  L. The optim um  t e m p e r a t u r e s  f o r  symptom 
e x p r e s s i o n  w e re  b e tw e e n  20 -30  C.
The p h y s i c a l  p r o p e r t i e s  o f  BPMV and  CPMV w ere  v e r y  s i m i l a r .  Both  
l o s t  i n f e c t i v i t y  a t  a  d i l u t i o n  o f  10"-’ , w e re  i n a c t i v a t e d  b e tw e e n  
6 0 -7 0  C, and  h a d  a  l o n g e v i t y  i n  v i t r o  b e tw e e n  f o u r  and s i x  d a y s .
The N o r th  C a r o l i n a  i s o l a t e  o f  BPMV was r e l a t e d  t o  t h e  L o u i s i a n a  
i s o l a t e  by  t h e  O u c h te r lo n y  g e l - d i f f u s i o n  t e s t .  D i f f u s i o n  zo n es  
fo rm ed  b y  t h e  r e a c t i o n  o f  t h e  CPMV a n t i g e n  ( L o u i s i a n a  i s o l a t e )  
w i t h  th e  CFMV a n t i s e r u m  ( C a l i f o r n i a  i s o l a t e )  i n d i c a t e d  t h a t  t h e  
two i s o l a t e s  w e re  r e l a t e d .
E l e c t r o n m ic r o s c o p y  showed BPMV and CFMV b o th  t o  b e  i s o m e t r i c  
p a r t i c l e s  o f  a p p r o x im a te ly  30 Mu i n  d i a m e t e r .
Field tests revealed no significant differences in yields between
t h e  BPMV i n o c u l a t e d  p l a n t s  and  t h e  c o n t r o l s .  G reen h o u se  t e s t s ,
h o w e v e r ,  showed s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  y i e l d s  o f  BPMV
*
i n f e c t e d  H i l l ,  D are  and  Lee s o y b e a n s  and  t h e  c o n t r o l s .  No 
d i f f e r e n c e s  w e re  fo u n d  b e tw e e n  t r e a t e d  and h e a l t h y  D a v is ,  Semmes 
and  B ragg . T h e re  w ere  s i g n i f i c a n t  d i f f e r e n c e s  b e tw ee n  CPMV
i n f e c t e d  p l a n t s  and  c o n t r o l s  b o t h  i n  t h e  f i e l d  and i n  t h e  g r e e n ­
h o u s e .  H i l l  was t h e  o n l y  v a r i e t y  i n  t h e  f i e l d  i n  w h ic h  t h e  y i e l d s  
o f  CPMV i n o c u l a t e d  p l a n t s  w e re  n o t  s i g n i f i c a n t l y  lo w e r  th a n  t h e  
c o n t r o l s .  H owever, t h e  y i e l d s  o f  H i l l  w e re  s e v e r e l y  r e d u c e d  i n  
t h e  g re e n h o u s e  b y  th e  v i r u s .
Both  BPMV and CPMV w e re  found  t o  b e  v e c t o r e d  b y  C era tom a 
t r i f u r c a t a  F o r s t .  (b ean  l e a f  b e e t l e ) . Myzus p e r s i c a e  S u lz .  ( g r e e n  
p e a c h  a p h id )  d i d  n o t  t r a n s m i t  e i t h e r  o f  t h e  v i r u s e s . N e i t h e r  BPMV 
o r  CPMV was fo u n d  t o  b e  s e e d  t r a n s m i t t e d .
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